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TY Mariners Magazine 3 containing the Art of Navigation, Surveying, Gaul 
Gunnery, Aft-onomy, Dyalling and Forrtification. By Captain $; 
Sturmy. Folio. | 

Gillibrand's Trigonometria Britarnica. 

The Coaſting-Pilort 3 with n:w Sand-draughes, By F. Seller, 

The Mariner's New Kal:zndar. By Nath.Co!ſ-n, 

The Sea-mar's Practice. By Richard Norwood, 

Norwood's Do@trine of Triang'es with Logarſthms, correAed ard elargeq, 

A Siſtem of Navigation, being a large and compleat Treatiſe of the whole 
By Mitthew Norwood. 

Praical Navigation, being an Introduction to the whole Art, By F. Selly, 

A Lighr to the Art of Gunnery, containing moſt neceſfary Concluſions for 
Praftice of Gunnery, cither for Sea or Land-Service. By Capt. Thomas Bixnin, 

Colloquia Maritima, or Sea-Dial»gues, explaining all the Parrs of a Ship, with 
Words of Art and Pnraſes uſed ar Sea. 

The Sateguard of ©ailers, and Pilots Sea Mirror ; deſcribing the Sea- Coafls of 
land, Scotland, Ireland, France, Holland, Denmark, Norway, &c. according to the qe 
eſt Waggoner, with new Sea-Charts: A Book very uſeful, 

The Compleat Mcdelift z ſhewing how to raiſe che Model of any Ship or Ve 
eiflier in Proportion or out of Proportion 3 and to find the Lergrh and Bipnelf 
evi Rope in all Veſſels exa&ly, wich the Weight of their Archors ahd Cables, 

The Boatſwain's Ari 3 ſhewing the Rigging of any Ship. By Henry Bord. 

The Cempleat Shipwright ; t:aching rhe Proportions uſed by expcrienceds 
wrights, according ro their Cuſtom of Building 3 withthe drawing of. a Draught, 
making and marking of a Bend of Moulds. By Ed. Buſhne!, | 

The Geometrical Sea man, By Henry Phillips. | 

The S-a-man's new Epitome, containing the Dofrine of Triangles, all the 
Kinds of Sailing; likewiſe Aſtronomy and Geography, the Variation of the Con 
to work Obſervations withz a new and exact Method of keeping a Journal; with 
yeral i:{(ciul Tablcs inthe Art of Navigation 3 with Sings, Tangeprs and Secants 
Logarithms to 10000, By Fames Atkinſon, Teacher of the Mathemaricks. 

Norwood*s Epitome applied to Plain and Mercator's Sailing, with uſeful Table, 

An Epirome of Navigation 3 with Logarichms to 10000, By Henry Gellibr, 

The Arr of Navigation, with the Errors therein correfted, By Edw. Wright, 

The Uſe of the Double-Scale of Proportion. By Seth Partridge, 

The Mariner's Compaſs ReGtified : By Andrew Wakely, Corre&ed and much al 
ged by James Atkinſon, 

Fhe Sca-man's i utor. By P. Perkins, 

The Marrow of Aſtrology. By Fohn Biſhop. | 

Marhemartical Manuel ; Of Navigation, Gunnery, Dyalling, Surveying, Gaup 
witha Table of Logarithms to 10000, By Henry Phillips. 

Thc Rule of Proportion. By Edaw. Wingate. 


There are alſo ſold all forts of Mathemarical and Sea-Books in Enghſh, or * 
of any other SubjeR, as Divinity, Hiſtory, Poetry, &c. Waggoners, Sca-Chatts 
all Parts of the World ; all forts of Paper and Paper-Books, rul'd or unrul'd, a! 
cheapeſt rate ; alſo Bibles, or avy other Books new bound and claſp'd, and the! 
Wriung-Ink, Pens, Wax, Wafers, Pencil, &c. 
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NAVIGATION, 


CONTAINING 


- 


A Fundamental Problem 


ExPerRIMENTALLY VERIFIED: 


NAMELY, 
Touching the Compals of the EarTHhand SE a, and 


the Quantity of a Degree in our Engliſh Meaſures. 


ALS O, 


An cxact Method or Form of keeping a Reckoning or Jour-| 


nal at SEA inany kind or manner of Sailing. 


With certain TABLES and other Rules uſed in Navigation. As 
alſo the Plotmng and Surveying of Places : The Latitude of the 
Principal Placesin ENGLAND : The finding of the Currents 
at Sea, and what Allowance is to be given 1n reſpe& of them. 
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' By Richrd Noywood, Reader of the Mathematicks. 
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WAYYHE Circuit of the Earth and Sea ( Ys the Circumference of every Cir 
cle) contains 360 Degrees, by which Degrees the Diſtances thereon 
are meaſured, ſo that the Knowledg of the Quantity of ſuch a De+ 
e in our known Meaſures,is a fundamental Principle in Coſmography and 
Navigation, as upon which is grounded the Reckoning of the Ship”s way, ov 
Diſtance run. For though a Mariner, being in his Voyage on the vaſh Ocean, 
bath ſometimes three things to certify him where be is, and how to ſhape bis 
Courſe to his deſwred Port, namely, his Latitude, Courſe, and Diſtance ; and 
ſometimes a fourth, namely, ſome near conje@ure of his Longitude by the Vari-- 
ation, or otherwiſe ;, yet oftentimes (as in cloſe Weather ) he bath nothing but his: 
Courſe and. Diſta'ce ;, othcrwhile only bis Latitude and Diſtance is his chief 
Guide in falling mm with his intended. Port. I know it is uſual to allow near 7 
Fathoms, or 4-15 Feet to a Knot ;, and ſo many of thoſe Knots as run out in half 
a Minute, ſo many Miles they account the Ship"s way to be in an Hour, And: 
if in half a Minute ſhe run 4.14 Feet, then in 60 Minutes or an Hour, ſhe 
runs 500 Feet ;, and thus they account 5000 Engliſh Feet, or 1000 Paces, to: 
be a Mile,and 60 of 15oſe Miles to be 4 Degree, ſuch as the whole Circumference 
in any great Circle is 360, But how is this known to be true ? If it be anſwered, , 
that it is known to be ſo by Experience ;, then I would know further by what- 
Experiment this was found to be ſo ? where, and by whom made ? I preſs this: 
ſo much the rather, becauſe I am perſwaded we bave at this Day as many ex-- 
cellent Navigators in this Kingdom, and as great Voyages performed, as from 
any other place in the World; and [ ſhould be glad to hear of the experimental 
Reſolution of this Problem by ſome of them, though it were but in running 8 
or 10 Degrees near the Meridian : for ſo I doubt not but that which I 
here written thereof, would receive farther Confirmation, and better Entert ain= 
ment, than haply it will now, being ſo much different from the common Opi-=- 
#ion; and the Arts of Navigation and Coſmography, would be much more 
perfeFed in a ſhort Time. For one Error (as a fruitful Mother ) is oftentimes 
the cauſe 'of more;, and the removing of one is the occaſion of removing o-- 
thers, eſpecially when they do mutually ſupport one another. As we ſhall Tere 
ſhew how the Error in the ProjedFion and uſe of the common Sea-Chart, is 
ſupported by this Error of accounting only 300000 of our Feet to a Depree ;, aud. 
this in like ſort upneld by that, ſo that they will ſtand or fall together. And 
ſurely that bad fallen long ſince, being ſo manifeſtly convinced, if it had nas 
been upheld by this, For the confuting of that (I mean the commox Sea-Chart } 
it was ſufficient to know that the Earth and Sea make one Spherical Body. But 
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Ouantity of 1 Spherical Body. *- And to the ſary to makea || 
ſenſible YE ion of our known Meaſures to a determinate part of the whole, 
that ſo the Quantity of that determined Part being known, and the Proportion 
thereof to the whole, the quantity of the whole might alſo be diſcovered. And 
this I bave endeavoured in. the Experiment following, which if I bad not bangd- 
led ſo exadly in all Points as ſome would deſrre, (that requiring more Trme and 
Gharge than I could well beſtow ) yet I doubt not but it will be found that I have 
come very near the Truth. Some baply will cenſure me, for being my ſelf at 
the Expence to make ſuch ay Experiment. But | was as frugal in 1t as 1 could, 
adding Pains and Induſiry to: ſave Expence ;, I came up m ten or eleven days, 
and had other neceſſary occaſ1ons to lead me from one place to the other, and 
did this as a thing falling opportunely in my way : But indeed, as 11 all other 
parts of Learning, ſo in the Mathematicks, eſpecially in their Application, oy 
middle Mathematicks (as ſome call them) it 1s neceſſary with Speculation, to 
join atFual and experimental Pradices ;, the former being empty and uncertam 
without theſe, It 15 true, that the Mathematicks afford large Filds of delight- 
ful Speculations, whereim a Man might walk far with much pleaſure : But if 
from ſo many fair Flowers he bring home no Honey, or from ſuch large Fields 
no Sheaves ;, I mean, if be bring not thoſe Speculations to ſome uſeful Prattices, 
neither bimſelf nor others are like torecerve much Fruit by them, But this in- 
deed cannot be effetFed without more labour and difficulty ;, yea ſometimes it 
requires mechanical and bodily Exerciſes, which ſome eſteem too mean and un- 
worthy to ſtoop unto. But for mine own part, I acknowledg to have had my 
Living and Maintenance by the Mathematicks, and not by Speculation only, 
but rather by my Pradice therein, and therefore alſo I defare what in me lies to 
make them fruitful to my ſelf and others ;, and to that end have ſpent in ſome 
principal parts of the Mathematicks, near as much time and means 1n experi 
mental Pratices and Concluſions, as in the Speculations. Moreover, conſader- 
ing that this particular Experiment was propoſed above 30 Years ſince, by our 
Country-man Mr. Edward Wright, to invite ſome to the Trial of it, as a 
thing which be would have done himſelf, if he had found ſuch furtherance and 
opportunity as he deſired, which it ſeems he did not, nor any other ſince that 
time - Rather than ſo noble and neceſſary a Problem ſhould longer reſt unre- 
ſolved, I took the opportunity offered, hoping it may be an occaſion to whet on 
ſome others to do the like. This with ſome other things which I conceived to be 
wanting in the Pradtice of Navigation, I have banaled in this enſuing Trea- 
tiſe, which I commend't9 your fricndly Acceptance. Farewel. 


July the firſt, 1636. 
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Tre common Opn.on touching the Compaſs of the Earth, and 
(rity of a Degree of the ſame. 


T iv a cvmmon received Opinion in Exgland, (and the like is in 
other Places) that allowing 5 of our Engliſh Feet to a Geometrical 
Pace, athoufand of thoſe Paces make an Italian Mile, and 60 of 
vole Miles in any great Circle, upon the Spherical Surface of the 

Earth and Sca, make a Degree; and thus it is fappoſed, that a De- 
gree conta'ns 60 Miles, or 6c000 Paces, or 300000 of our Engliſh 
Feet, and by ſuch Miles do Mariners in their Voyages by Seca keep their 
Reckonings. And becauſe the whole Circumference of a Circle is 360: 
Degrees; therefore the Compals of the Earth, according to this Opinion, 
ſhould be 21600 {uch Italian Miles, or 2160coco Paces, or 1 08000000 

of our Engliſh Feet, Whence this Opinion came, or upan what Expe- 
riment it ſhould be grounded, 1 cannot certainly lay : It may ſeem to be 
taken, or rather tmitiaken, from Prolomy, who laith, there are 500 Sta- 

diums in a Degree ;, the ſame was before affirmed by Marinm Tyrins, of 
whom Prolomy (peaking in the 11th Chapter of his ftirlt Book of Geopra- 
phy, hath theſe word-, S-d in hoc quoque refte ſentit, partem unam qualium 
eſt Circulue maximus tricentorum ſexaginta, quingenta in terra conftitu- 

ere Stadia, 1d enim confeſſis dimenſronibus conſonum exiſtit, Now a 

Stadium, not only among(t the Greeks, but as appears by Herodotm, 
amonglt all other Nations of Aſia, and in Egypt, did conliſt of 600 

Feet, or 100 Orgays, an Orgay containing 6 Feet, or 4 Cubits, as our 

Fathom doth ; the ſame alſo is teltihed by Suidas and others ; So that a 
: | Degree 
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; 00 Stadiums, and every "- 600 Feet, it follows 
that a Degree multi contain 300000 Feet, exactly agreeing in number WW 
with the common received Opinion in England ; ha "1p Ber Se may. il 
ſeem to þe hence derived, and would alſo receive much Confirmation ll. 
hereby. (he being an Author of ſuch approved Credit) if it could be Wl 
approved that our Englifh.Feet were exactly equal to the Egyptian or W+. 
AleXandrian Feet, where Ptolomy wrote. Otherwiſe that being true, 
that.ſo many of their Feet make a Degee, it will follow, that if ours'be 
greater, there be fewer of them contained ina Degree ;, if lefler, (as un- 
doubtedly they are) there muſt be more of them contained in a Degree. 

Philander, in his Commentary upon the third Chapter of the third 
Book of Yitruvims, hath expreſſed the Quantity of the antient Roman 
Foot, where (by a competent allowance for the ſhrinking of the Paper, 
being printed wet) it may probably be gathered that it was ſomething 
longer than our Exgliſh Foot. But the Alexanarian and Egyptian Foot 
was much greater : for, according to Hero Mechanicw, 5 Alexanarian D: 
Feet were equal to 6 Roman Feet: ſeeing then the antient Roman Foot he 
was ſomething greater than ours, the Alexandrian muſt needs be much © 
greater than ours. So that whereas Ptolomy faith, there are 500 Stadiums 
in a Degree; and, as we have ſhewed, a Stadium did confift of 600 « 
Feet, theſe being ZEzyptian or Alexandrian Feet, as it is moſt proba- FX 
ble, being the Place where Ptolomy lived ; there muſt be a far greater 
number of our Feet in a Stadium, and ſo in a Degree 3 whence it is 
evident, that there is no {pfficient footing for this common Opinion in 
the Aſertion of Ptolomy. 

Neither doth the Practice and Experiment of Mariners in their 
Voyages at Sea prove it 3 for there is no Reckoning or Experiment at 
Sea ſet down by any (that I have ſeen) to confirm it. And tho it be 
true, that in failing between two Places that lie near to one and the 
{ame Parallel, they ground their Reckoning chiefly upon this Suppoſiti- 
on, .that-300000 of our Engliſh Feet make a Degree, yet can they ſel- 
dom or neyer by thoſe Reckonings ditcern the Error, the rather for that 
they bave been, and for the moſt part are ſtill kept upon the plain or 
gommon Sea-Chart, which makes a Degree in any Parallel equal to a 
Degree in the EquinoCtial, and ſo makes a Degree in any Parallel to 
contain 300000 Feet: And it is true, that in ſome Parallel a Degree 
coth contain only 300000 of our Engliſh Feet ; namely, about that 
Parallc] which is in Latitude 35 deg, (as we ſhall further ſhew hereafter) 
near unto which have the principal of ' our Eaſtern and Weſtern Voyages 
been made. And thus, tho this Opinion of 300000 Feet in a Degree, 
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therroneous ; yet, be 
Wau the Errox of the one doth ſomething falve the other, they could nor. 
Wh cafily diſcern'd by Experience only. | 
BY This Opinion of 300000 Engliſh Feet to a Degree, may ſeem alſo 
-Wtobe ſomething confirmed by an Obſervation made by our Country- 
Emn Mr. Edward Wright, upon Mount Edgcomb near Plimouth, of the 
Semidiameter of the Earth, which he hath ſet down in his Book, Of 
W the Correction of Errors in Navigation, Chap. 15. where he finds the 
Semidiameter to be 18312621 of our Engliſh Feet : whence it may be 
WF eathered, that in a Degree of a great Circle of the Earth, there ſhould | 

not be full out 300000.of our Feet. But the Way , by him then uſed, 
tho it was very fit for the end whereunto he there applies it, namely, 
to find the dipping or depreffion of the apparent Horizon beneath the 
true, according to the Height of the Eye above the Water ; yet will 
it eafily be granted to be no exa& way for finding the Semidiameter, 
and conſequently the Circumference of the Earth, or the. Quantity of a 
Degree on the ſame ;, and o he ſays tHife, that he uſed that way, becauſe 
he wanted opportunity to put in praQice a more exa& Way, Wherefore, 
for the farther ſatisfaction of my ſelf and others in this Point, and 
chiefly for the neceſſary uſe it hath in the Practice of Navigation, I have 
made the Experiment following, that ſo the Quantity of a Degree, and 
of the whole Compals of the Earth, might at leaſt wiſe be nearly 
known in our Engliſh Meaſures. 
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CHAP. 16 


An Experiment made for finding the Quantity of a Degree, 
and ſo of the Circumference of the Earth and Sea in our 
known Meaſures. 


Aving, occaſion to be in the City of York, about the beginning of 
H Tune, Anno 1635, I made there ſeveral Obſervations of the Me- 
ridian Altitade of the Sun, the laſt of which was made the 1 1th of fune ; 
the Sky was every of thoſe Days ſomething overcaſi at Noon, yet not ſo 
much but that an Obſervation might be made to a near Scantling : And 
becauſe the laſt of theſe Obſervations is molt fit for the preſent Occaſion, 
and that day was as clear as any of the other, we will here eſpecially 
make uſe of that, being as followeth. 

B Upan 


"wp , ® * 4 . F2 x "> ES #4 . , ad » % B y - 8, 

oy 0 " © * pF ® . *N ff / * g # 3 \ 7 _ . *% 1 

' FY "Y FI9 - P&- WF. ”* YT >; 
7 * ; w 

p , , wy 

4 - OCd-INAN'S ULEs» 

4 % 4 6 - 


Upon the 11th of ure, 1635, I made an Obſervation near the mid. 
dle of the City of York, of the Meridian Altitude of the Sun, by an Arch/ 
of a Sextant of more than 5 Foot Semidiameter, and found the appa. 
rent Altitude of- the Sun that Day at Noon to de 59 deg, 33 min. 

[ had alſo formerly upon the 11th of Fane, Anno 1633, obſerved jn 
the City of London, near the Tower, the apparent Meridian Altitude 
of the Sun, and found the ſame to be 62 deg. 1 min. 

And ſeeing the Sun's Declination upon the 1 1th day of June, 1635, 
and upon the 1 1th day of Fune, 1633, was one and the ſame, without 
any ſenſible difference ; and becaulc theſe Altitudes differ but 1:ttle, we 
ſhall not need to make any alteration or allowance, in reſpe& of Deli. 
nation, RefraCtion, or Parallax : Wherefore ſubtracting the leſſer ap- 
parent Altitude, namely 59 deg. 33 min. from the greater 62 deg. 1 
min. there remains 2 deg. 28 min. which is the difference of Latitude of 
theſe two Cities, namely, of London and York. 

Alfo by the aforeſaid Obſervation made in York, it appears that the 
Latitude of that City is 53 deg, V8 min. almoſt, | 

But to our purpoſe : Coming at that time from thence to London, | 
farther found by Meaſure, that the Parallel of Tark, is from the Paralld 
of Londen 9149 Chains ; every Chain being 6 Poles, and every Pole 
164. of our Engliſh Feet ; that is, every Chain 99 Feet. (After what 
manner | found this to be ſo, we ſhall further expreſs hereafter : ) But 
thus, as I ſay, I found that York is more Northerly than London by 
9149 Chains: And before we have noted that theſe two Places differ in 
Latitude 2 deg. 28 min. therefote it follows, that 2 deg. 28 min. df 
the Meridian of the Earth and Sea, is equal to 9149 Chains. Andif 
accordingly we would know how many of theſe Chains are contained 
in 1 Deg. we may hind that by the Rule of Proportion, firſt reducing 
the Degrees into Minutes, and then (ay, 


It the difference of Latitude ——— ——— 148 co. ar. 7.82974 
give ſuch a number of Chains, - 9149 3.96137 
Then 1 Degree, that is =————-——-— 60 1.77815 


gives of ſuch Chains — — 3799 3.56926 
and ſomewhat more, namely, 5 Feet, which reducedinto Feet, make 
3657190; that is, 367200 Feet in a Degree, lacking 4 Feet, which 
here we regard not. 

Thus then according to this Experiment it is evident, that one de- 
gree of a great Circle meaſured on the Earth is near 367200 Feet, which 
in our Poles of 164. Feet, is 22254 Poles, and about one half; un 
tne 


1 Whheſe reduced into Furlongs, at 40 Poles to the Furlong, make 5865 

| \ longs and 14 es: And hy, theſe redaced pe : Engl IR 
WI Miles, of 8 F along: to a Mile, make 69 Mites, and 4 Furlongs 1 4. 
Poles, that is 69.5 Miles and 14 Poles in a Degree. — 

- And hence, according to the moſt approved Hypotheſis of the Sphe- 
ricity of this Terreſtrial Globe, we may find the Compaſs of it as fol- 
loweth. But firſt you may note, that we {peak not here of the Com- 
-pals of the Earth in any Parallel, or leflec Circle deſcribed upom any 
-lide thereof, (that being various according to the. different diſtance of 
thoſe Circles from their Poles) but of the Compa(s taken in the middle 
or greateſt thickneſs of the Clobe ; namely, in any geeat Circle, ſuch 
35 divide the whole Globe into two equal parts, of which kind are the 
Equinoctial and all Meridians, &c. this being properly the Perimeter or 
Compaſs of a Spherical Body. 

Now ſeeing a Degree is the 360 part of the Circumference of a Cir- 
e | cle, (for any Circumference being divided actually, or by ſuppoſition, 

into 360 equal Parts, thoſe Parts are ca'led Degrees) if -we can find 
18 how many Feet, Paces, Miles, or other known Meaſures are contained 
4 in one of thoſe Degrees, then ſhall we eafily conclude how many of the 
le fame known Meaſures are contained in the whole Circumſerence : But 
it | by the former Experiment we find, that in one Degree of a great Circle 
iff on the Spherical Superticies of the Earth, there is contain'd 367200 
yh Feet ; therefore it 15 evident that 360 times 367200 Feet is the Com- 
nll © paſs of the whole ; wherefore multiplying 367200 by 360, the Pro- 
{| duct is 132192000 Feet, which reduced into Poles, is 8011636: And 
iff] theſe reduced into Furlongs, are 200290 Furlongs 36 Poles. And laſt- 
18 ly, theſe reduced into Miles, .are 25036 Engliſh Miles, and ſomewhat 
2 more, for the Circuit of the Earth and Sea. 

If further, we defire the Diameter and Semidiameter of the Earth : 
Foraſmuch as it is proved by Archimedes, that the Proportion of the 
Circumference of a Circle is the Diameter thereof alinoſt, as 22 to 7; 
Therefore by the Rule of Proportion, as 22 to 7, ſo is the Circumtfe- 
rence of the Earth to the Diameter thereof: So that multiplying the 
Circumference of the Earth, namely 132192000 Feet by 7, and di- 
viding the Product, namely 925344000 by 22, the Quotient, namely 
42061091, is the Diameter of the Earth in Feet ; the half whereof, 
namely 21030545 Feet, is the Semidiameter of the fame, being, 
21 Millions of Feet, and ſomewhat more : theſe reduced into Engliſh 
Miles, as before we did the Circumference, ſhew the Diameter of the 
Earth to be 7966 Miles, an4 ſomewhat more, and the Sernidiameter 
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3933: And thus weave the Circumference, Diameter, and 'Ser 
, diameter of the Earth, as alſo the Quantity of a Degree of. the (any 
Circumference, in known Meaſures of Feet, Furlongs and Miles, © 
There are only two things here which may ſeem douFful ;- namely, the! 
Experiment it ſelf, and the Hypotheſis of the Sphericity of this Terre. Wh 
{trial Globe, conlifting of the Earth and Sea ; for theſe being admitted, W# 
the Meaſures thence deduced, as before, will neceflarily follow: NJ 

Now touching the Experiment ; I confeſs, that to have made it 6. 
exact as were requiſite, and in all Points, ſo as-I ſhall fſhew in the 
Chapter following, would have required much more Time and Ex. 
pence than mine Abjlity would reach unto : Yet having made Obſerya. 
tion at York, as aforeſaid, I meaſured (for the moſt part) the Way from; * 
thence to London ;, and. where I meaſured not, I paced, (wherein, (| * 
through Cuſtom, 1 uſually come very near the Truth) obſerving all the W 
way as I came with a Circumferentor all the principal Angels of Pofiti. | 
on, or Windings of the Way, (with convenient allowance for other lef. fe 
ter Windings, Aſcents and Deſcents) and theſe I ]Jaid not down by a 
Protractor after the uſual manner, but framed a Table much more exa& 
and ht for this purpoſe, as we ſhall after ſhew ; ſo that I may afficm the 
Experiment to be near the Truth. | 

Touching the Hypotheſis, that the Earth and Sea make one Sphert- 
cal or round Body, it is generally agreed upon by all the principal Phi. 
lofophers, Aſtronomers, Geographers, and Navigators, Antient and: 
Modern : Some Reaſons demonſtrative for the Confirmation thereof 
may be theſe. 

Firſt ; The Eclipſes, eſpecially of the Moon, which are cauſed by 
the Shadow of the Body of the Earth, being interpoſed between the 
Sin and the Moon : and foraſmuch as this ſhadow doth fall upon the 
Moon always, and upon every [ide circular, and fo appears to us ; it is 
manifeſt by the Opticks, that the Earth, from whence it proceeds, is 
a Spherical Body. 

Secondly ; Likewile the Eclipſes of the Sun, which are cauſed by the 
interpolition of the Moon between the Sun, and thoſe places where it 
appears eclipfed; I fay, it could not be determined when, and in what 
place ſuch an Eclipſe ſhould appear, and where not, if the Form of the 
Earth were not known : but ſeeing the Places where ſuch Eclipſes hap- 
pen, and where not, may be, and are uſually determined, and that 
upan this ground, that the Surface of the Earth is Spherical, it is thence 
alſo ratified to be a Truth. 

Lhirdly ; The Sun, Moon, and Stars do ziſe and ſet, and are vga 
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others more Weſterly, and that in a proportion anſwerable to the 
oundneſs of the Earth, as the Planets and Stars are upon our Meridi- 
| at London {Ooner by almoſt 4 Hours, than they are to thoſe that in- 
Mhabic the Summer-ſlands, and the Conhnes of Virginia and New- Eng- 
Md: And fo in Ea- India, and other Exſtern Regions, the Sun and 
MScars are {ooner upon their Meridian than upon ours 3 which is manifeſt 
» "Mio be fo, as by other reaſons, fo eſpecially by the Eclipſes of the-Moon : 
For an Eclipſe of the Moon hath not in it ſelf any diverſity of Time, 
being at one and the ſame inſtant without reſpe& of Places 3 yet becauſe 
n the Eaſtern Parts the Day is begun, and it may be far ſpent before it 
pin in Places far Weſterly, therefore ſuch an Eclipſe may appear to 
the Eaſtern Inhabitants toward the end of the Night, which to the 
Weſtern appears in the beginning or middle of the ſame Night with 
them 5; and ſo the Difference will be more or leſs, according to the dif- 
ferent Diſtance of thoſe Places in Longitude. 

Fourthly 3 Furthermore we ſee, that going or failing to the North- 
wards, we have the Artick Pole and Northern Stars more elevated, and 
the Antartick Pole and Southern Stars more depreſſed, the Elevation 
Northerly increafing equally with the Depreſſion Southerly, and either 
of them proportional to the Diſtances which we go: Thelike happens in 
ooing to the Southwards, Belides, the Oblique Alcenſions, Deſcenſi- 
ons, Occultations, Emerlions, and Amplicudes of riting and 1etting of 
the Sun and Stars in every ſeveral Latitude, agreeable to the Hypotheti: 
of the Earth's Sphericity. All which could not be fo, if .the Earth 
were of any other than of a Spherical Form. 

Fifthly ; So if we ſtand upon the Sea-ſhore and fee a Ship far off 
under Sail, making towards the Land, at filt we fce only the Top-fails 
or higheſt parts, and withal do manifeſtly behold the Convex Superti- 
cies of the Sea as it were raiſed and interpoſing it {elf between our Sight 
and the Hall, or lower parts. of the Saip, till fhe approacheth nearer, 
and this uniformly every ways alike, and proportionably to the ſevera? 
Dittances 3 which doth evidently demonſirate the Spherical Rgundneſs: 
thereof. 

Sixthly and laſtly, (to add no more) T'ne Navigations of thefe latte: 
times make it apparent, thoſe eſpecially that have been made round a+ 
bout the World, as thole two Voyages by our famous Country-men:. 
Sir Francis Drake, and Mr. Thomas Canaiſh, both which feverally 
ailing from our Coafts to the Meſt-Inares, and paſſing the Straits of: 
Magellan, continued their Courſe Weſterly, till they came into pe 
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thence returned"into England: Having failed about the whole Terrethi. 
al Globe, they found nothing by their Obſervations or Reckonings dif. 
ſonant from the uniform Sphericity thereof in all its parts. That they 
came ſhort in the number of Days, one, or reckoned the time of their 
Abſence leſs by one Day and a Night than they which remained at 
Home, this further contirms the thing in hand. 

Yet whilti we ſpeak here of the Roundnels of the Earth and Sea, we 
intend it not ſo ſtrictly as if it were a thing turned round without any 
Inequality to its Superficies z bur as a Bowl or Ball, though it hath 
ſome Duſt or {mall grains of Sand cleaving thereto, may .tt1ll be ſaid to 
be round. So, though the Land, Hills, and Mountains be ſomewhat 
raiſed above the Spherical Superticies of the Sea ; and if there ſhould be 
alſo ſome Valleys or Bottoms more depreſſed ; yer ſeeing the preatef 
of theſe Inequalities have ſcarce any ſenfible proportion to the whole, 
we may well affirm the whole to be round. 

The Relations made of the prodigious Height of ſome Mountains,._as 
to be 60 or 75o Miles high, it it be underſtood of their perpendicular or 
dire& height, are fabulous ; the Mount Atlas 15 recorded by ſome of the 
Ancients to reach up almolt to the Moon, and to be as it were a Pillar 
for the Heavens to reſt upon, being meaſured Geometrically by Era- 
toſthenes, the Perpendicular, or upright Height from the Top thereot to 
the Valleys beneath, was found not to exceed 10 Stadirms, which of 
our Engliſh Meaſure is little more than a Mile and a Quarter, a Stadium 
not much differing from our Furlong; and the like might be ſhewed 
.. of others. 

But if we admit the higheſt Mountain to riſe perpendicularly above 
the Spherical Superhicies of the Sea 2 Miles; yet ſeeing the Diameter or 
whole Thickneſs of the Earth is, as we have before ſhewed, 7966 Miles, 
' this exorbitancy or diflerence of 2 Miles is of ſmall moment ; yea, if 
- there were any Mountain 8 Miles in height upright, yet this compared 
' with the whole Thickneſs of the Earth, is little more than one thou- 
ſand part thereof ; therefore we may conclude, that this Terrelirial 
Globe, : conliſting of the Earth and Sea, is Spherical, We come in the 
next place to ſhew by what way of meaſuring we found the Parallel of 
York to be dittant from the Parallel of Lonaon 9149 Chains. And t0 
how the Diſtance of the Parallels of two Places may be exactly mew 


(ured. 
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Parts, which are from us to the Eaſtward, namely, to the Eaſt Indie, 
and fo failed till Weſtward till they came to Cape ben Eſperance, ang 
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CHAP. II. 


A moſt exait way for finding the Quantity of the Diameter 
and Circumference of the Earth and Sea, and of a Degree 
on the ſame. 


Do the more fully ſet down the Way of making this Experiment, 

that fo I may give occation to any who are ſo nobly minded for a 
publick Good, as to be at that Charge to make a farther and more 
exact trial thereof, Now then, the beſt and perfeeſt way is, to ob- 
ſerve (o exactly as may be the Summer Solſtitial Altitudes of the Sun at 
two Places fo far diſtant aſunder, and lying ſo near North and South 
each from other, with ſo direct and fair a Way betwixt them as conveni- 
ently may. be choſen : Suppoſe for Example, Chrift- Church and Ber- 
wick, or ſome other Place in the fartheſt parts of Scotland; for the fur-s 
ther theſe two Places are each from other, the more perfe&ly may this 
butineſs be performed. Then meaſure as truly as is poſſible, and ſet 
down in.a Book all the way between thoſe two Places, with all the 
Windings, Aſcents and DeſCents that are therein, whereby with the 
help of the enluing Table, you may eatily and exactly find how much 
the one Place is more Southerly than the other, For this purpoſe the 
plain Table is not the fitteſt Iaftirument, but rather a Theodolite or Pe- 
raftor, or ſome other of that kind,. obſerving diligently the Variation 
of the Needle. The Chain may be '6 Poles long, or rather 100 Feet, 
and the Table fitted accordingly (but the Table tollSdwing is for Poles) 
if it ſhould be much longer, it would be too feavy. 

The High-ways are commonly crooked 3 yet becauſe of ſundry Obſta- 
cles and Impediments which are incident out of the Way, and becauſe 
a Man cannot certainly at hir{t direct himſfelt the neareſi and beſt way to 
the Place intended, it would be expedient to meaſure the diſtance as a- 
foreſaid ;, firſt in the High-ways leading from the one to the other, and 
then in the neareſt and belt way that could be choſen between them ; 
and fo if any notable Error happen in the one, it may be diſcover*d and 
amended in the other. The form which I obſerved in ſetting down the 
Meaſures and Angles was according to this Example. 
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Itis to be underiiood, That the Table here following was before 
Calculated to ſerve inſtead of a Protratter for a Circumferentor, or 0- 
ther graduated Inſtrument, and for a Chain of 3 Poles, which for the 
moſt part I uſe 3 yet it may very well be applied to a Chain of 6 Poles, 
(as in this buſineſs it was) reckoning every Chain to be two,, &c, And 
thus for every ten Chains of 6 Poles to a Chain, I make two Strokes, 
ſignifying 2 Changes, or 20 Chains ; and if there be any odd Chains, 
for thoſe I ſet a Figure in another Line next below; and if moreover 
any odd Poles, whether one or two, for thoſe | ſet another Figure in 
a third Line below. 

Thus the laſt Entrance before-going, being S. E. 5 Degrees, 


EH lignifes that the Line upon which 1 went, was from the 
F F 


South: part of the Meridian to the Eaſtwards, making an Angle with 
the Meridian of 5 deg. the 9g Strokes ſignify 9 Changes, or 90 Chains; 
the Figure 5 fignitieth 5 Chains, and the Figure 2 two Poles. So that 
; It istO be read thus, South-Eaſterly, 5 Degrees, 9 Changes, 5 Chains, 


and 2 Poles; and the like is to be underſtood of the reft. But for the. 


molt part having liberty of Ground, I end the meaſure of every Line, 
either with a whole number of Changes, or at leaſt of Chains. 

And thus proceeding all Day, towards the Evening, or when elle I 
have time convenient, I reduce all theſe Diſtances, upon what Lines or 


Angles ſoever they be, to Diſtances North or South, Eaſt or Weſt, as 
here appeareth, 
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| Deg. | Diſtancet, |North.| South. | Eat. | Wet. © 
. 237111545] 
19. E. 31] Hitt & "oy 
| INT * | 2819 I026 
S. E. 2C TAR 1692] 616 
| AM—. O169g O62 
=, Are rente 2923] 675 
; renee 1754] 404 
Mu " IF7 o52| 
| S. W. 2 CC —_ 2690 235 | 
| Skadoevns OI149 O13 
| I E. J THtttt}>— | O0020| OO2 | Y 
_ | np Wee . ; —__ RS”, "Ee: 
Chains. I71 16286 [4575| 052. | 
$o 2 ©. a - 
, Poles. | I715| 1628614526] 
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1 | Wewillexplam the laſt, and fo the reſt may eatily be underſtood ; 
"BS.E. 5 deg. tHtrrrt— 5. 2. Here becauſe I have S. E. the Numbers 
* EI taken out of the Table muſt be put in the Columns entituled South and 
Za. Then in the Table under 5 deg. 1look for 9 Changes, and find 
| againſt it 2690, and in the adjacent Columns under the Complement 
' Þf thereof 235 ; and becauſeS.E, 5 deg. is leſs than 45 deg. that is nearer 
to the South than to the Eaſt, I put into the Column entituled South 
2690, and in that entituled Eaft 235 ; then again in the fame Tabular 
Column under 5 deg. I find againft 5 Chains (cutting off a Figure, be- 
cauſe 5 Chains 15 but the tenth part of 5 Changes) 149 to be put in 
the South Column, and r 3 for the Eaſt Column. 

Laſily ; Againſt 2 Poles I find for the South Column 20, and for the 
Eaſt 2 ; and the like is to be underſtood of all the reſt. 

Now ſuppoſing this Jaft to be a Place, whoſe Diſtance and Situation 
from the firſt is required 3 1 ſum up the Columns ſeverally, and .of the 
North and South Columns fubtract- the leſſer from the greater, and {o 
of the Eaſt and Weſt Columns ; and fo 1t will appear how much North 
"or South, and how much Eaſt or Weſt the Iaft Place is from the tirft. 

As in this Example, we tind the firft Place to be to the Southwards of 
the firſt 162$ Poles, for the laſt Figure may be cut off, being, uſed in rhe 
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Table only for the more exa@neſs, or may be made-a Fraction, and 
it is 1628 Poles ; likewiſe the laft Place is to the Eaftwards of thi 
frlt 45245 Poles ; and thus | proceed all the way. ; ] 

Now touching the Angles of Aſcent and Deſcent of Hills and Valleys; 
to have obſerved them exaatly, would have required more Time ang 
Charge than I could of my (elf beftow, yet L made allowance for ſu 
of them as were of moſt moment : he that would obſerve them all, may. 
either make 2 or 3 Columns more, or keep an account of them apart by 
themſelves. 


them on the Ground, keeping his Diſtances entire without Fractions, 

As, admit I obſerve the Aſcent from a Valley to the Brow of a Hill 
to be 14 deg, above the Level or Horizontal Line, and that meaſuring, 
I find the diſtance to be 3o Poles; 1 turn tothe Table, and under 14 dep, 
and againſt 10 Chains, 1 tin@291r, and 726, (hewing that the Level, ox 
horizontal Dittance from my Station to that brow is only 29-55 Poles, 
and that the height of that Brow above the level Line is 7-34 Poles : But 
finding thus, that the Hypothenuſal being 3o, the Baſe or Level-lineis 
but 294: that is, leſs by +32, becauſe I would avoid this Fraction, [ 
add to the end of the foreſaid meaſure of- 3o Poles upon the Level-line, 
+2. of a Pole, and: then. may account my telf diſtant. from the Placein 


be underſicod of all other Aſccnts and Deſcents. 
Here followeth the T able. 


But if he intend 'no farther uſe of them, but to tind theſ| 
nearelt Diſtance, he need not ſet them down, but make*allowance for 


the Valley where I made Obſervation 3o Poles in a Level or Horizon 
tal Line, and ſo ſet down the diſtance without a Frafion: The like i5vf 


Tas 7 d.\89 d.|2 d.\\88 d.[3 d. 874.14 d. 
= "55! 5| 390] 10] 300| 15] 299 
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7|21009; 37]20994 74[2097| l10[2095 
| 812400| 4212393] 84[2397| 124|2394 
92700] 47|2698] 952696 | 140[2694. 
1013000} 5212998| 1052996 | 157|2993 
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i of the T able is fre mM Ground : 

| As Radius is in pr portion tothe. iſtance of two Places Try iv 
hei 'raw wo Gi is the Sine of the _ of that Rhomb, to 
ie difference of the Latitude of the two Places. 

"'Y And fois the Sine of the Rhomb, to the diſtance of the Meridians of 
'Þ thoſe two Places. As, admit 1 meaſure South-Eaſterly 20 deg. 31 
"Poles, here then the Rhomb upon which 1 meaſure, making with the 
"EF Meridian an Angle of 20 deg. I fay, 


| As Radius is in proportion 


to the Diſtance meaſured, 300 Poles ; = —2.47712 
So is the Sine Complement the Rhomb, 'S. E. 20 deg. —— 9.97299 
to the Difference of Latitude 281 +34 fere, —.—————2.45011 


Whereby it appears, that the Diſtance of the Parallels of theſe two 
Places is 281-2 Poles ;, or that the Place whereto I meaſure, is more 
Southerly than the Place from whence I meaſured by 281 +35 ;: Poles. 

Now for the diſtance of their Meridians fay, 

As Radims is in proportion 


to the Diſtance meaſured zoo Poles, __——— _ 
So is the Sine of the Rhomb S. E. 20 deg. ——- — = 9.53405 
to their Diſtance in Longitude 102-535 ——-——2,01117 
And thus I find the Phace whereunto I meaſured, is Ch." Poles. 
more Eafterly than-the Place from which I meaſured, |— 7 
by 102-5 Poles, and ſomewhat more. And in like : T £4 
ſort may be found all the other numbers expreſſed in -, . 3 
this Table ; but having thus found for every deg, to | 3 | 94-57 
45 deg. two Numbers, the reſt may be deduced from | *| 12-78 
them, as in this Example : 300 Poles at three Poles 3 | 140: 95 | 
to the Chain, is 100 Chains, or ten Changes 3 find. | $| 169.14 


Ing that in ten Changes upon this degree, the difference | 7 | 197-33 | 
* Southerly is 281 +2 Poles, it muſt be for tive Chan- 8 | 225. 52 
ges, which is. juſt half ſa much by almoſt 141; and | 9, 253-71 | 
tor one Change, which is a tenth part, 28+ fers, and | 10 281. 92 | 
ſo. for two Changes twice ſo much, that is 56+ 


for three Changes thrice ſo much, that i is, the ſum of the two former, 


namely, 84-<, and ſo by Addition only you may tind the reli, as in this 
Table, which I ſhall need to proſecute no further. And thus you may 
make it to the hundred or thouſand parts of a Pole ; but this for ordi- 
nary occalions, for which it was at firlt intended, may tufhce.. And ac- 
cording 
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cording to this Examp , it w II'be 'e 

| Chaiii of any other fre, or for any-other Meaſure 1 
Jt-may be objected, That howſoever this Rule, holds 'true in Pj 

Triangles, yet the Triangles here uſed are neither Plain nor Sphericy 


ws 
Mes 
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for a Plain Triangle is made of three right Lines, a Spherical of th 
_ Arches of great Circles : But in this the three ſides are of ſeveral kings! 


namely, one fide is an Arch of the Meridian, and ſo of a great Circle 
another an Arch of a Parallel, and foof a lefler Circle 3 the third (ide; 
or Hypothenuſal, being the Rhomb, is no Arch of a Circle, but a Sep. F 
' ment of an Helsſpherical Line. | | 

. Bur I anſwer, That notwithſianding this may be fpeculatively con. 
ceived, and ſo demonſirated: to be-no Plain Triangle; yet in fo ſmal 
Diſtances as theſe which here we uſe, there can be no ſenſible, ng 
ſcarce any numerable Difference. Yea, the Diſtance between two Px 
rallels by the Rhomb and Diſtance given (being the thing here chiefly 
aimed at) is very exa&tly found by this Rule, as before we have ſhewed 
and as is more fully demonſtrated by Mr. Wright, in the twelfth Chap- 
ter of his Book, Of the Correftion of Errors in Navigation : Whence 
'we may conclude, that the parts of the Meridian collc&ed by this Tx 
ble according to the Rhombs and Diltances, as we have before ſhewed, 
do give the true Meaſure of the Segment of that Meridian intercepted 
*between the Parallels of the two Places propoſed. 
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CHAP. IV. 


Of the Difference of Longitude, Poſition, and Diſtance of ] 
York ad London: And how the Maps of England my 


by this Experiment be reformed, eſpecially in the Latitude 
of Places. 


E come next to ſpeak of the Eaſterly and Weſterly Diſtan- 
| ces, gathered as before is (hewed by theſe Tables, and to 
* find thereby the Difference of Longitude : and of this we will 
give an Example in the forefaid Experiment ;, whereby we find that 
the Diſtance in Longitude, or the Ealt and Wett Diſtance between York 
and London, is near 14000 Poles, London being ſo much more Faſt- 
-erly than York, And betore we have found that in a Degree of the Me- 
ridjan, and conſequently in a Degree of the EquinoGtial, there is near 
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live: Chains, at 6 Poles to the Chain ;, and theſe 14000 Poles con- 
- Wiereed into ſuch Chains, are 23335 

'N hich 23334 Chains, for finding the Difference of Longitude, are 
Wot to be reckoned in the Parallel of Tork, that being too much Norther- 
z,ncither in the Parallel of - London, being too much Souther]y, but 
32 middle Parallel between both 5 namely, about the Latitude of 52 
kg. 45 min. Now to tind what difference of Longitude is anſwerable 


to this 2333+ Chains in the Parallel of 52 deg, 45 min, ſay, 


= As Radius is in proportion 
to Sine Compl. the Latitude ſc. 52 deg. 45 min. 9.78197 
So is the Meaſure of a Degree in the EquinoGial 370954 3.56927 
to the Meaſlute of a Degree in that Parallel 224555 3:35124 


And thus we find that in the Parallel, whoſe Latitude is 52 deg; 
45 min. there are 2244+ Chains anſwering to a Degree, whereby it 
'Mappears chat the Difference of Longitude between York and London, is 

more than one Deg. And to find how much-more, fay again by the 
Rule of Proportion, 44 


As the Meaſure of a Degree 22 455+ ——— —— C0. Ar. —6.64876 


is to a Degree in ſeconds, 3600 _ 3-55530 
So is the Meaſure given, 2333+ — -———3.679} 
to the Number of ſeconds, 3741 = _ —— 3.57303 


Which reduced, -is 1 deg. 2 min. 21 ſec. And. thus we find that 


* Wl London doth differ in Longitude from York 1 deg}: 2 min. 21 ſec. being 


\ Bo much more Eafterly. | 
Thus having the Difference of Latitude, as alſo the Difference of Lon= 


pitude between theſe two Places, we may (according to the ſecond 

Problem of failing by Mercator's Chart) find the Rhomb from Londoes 

to Tork to be 1.4 deg, 20 min. fron the North to the Weſtward 3 that 
Wis, North and by Weſt 3 deg, 5 min.: Welierly, and the Diltance in that 
Rhomb 94.42 Chains. Bur their dittance in the High- way, by reaſon 
of the crookedneſs and unevennels of it, was more by about an cighth 
part 

And the like might be done for other immediate Places between thele 3 
but atfe& ng brevity, we pals that over, as not much pertinent to our 
preſent-pwpoſe 3 only expreſling the Latitudes of foe of the principal 
of them, as followeth, PY 
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As the Latitude of Tork, we find to be ——_— ——5 


Doncaſter, SOTEEY _— CC — — —— D__ CT |. 32 8 | 


Newark upon Trent, —— —— 


Granmbam, —_ 34 
Stamford, - 38 
Huntington, 19 


R 


London, ——— 


We farther noted in this Experiment, that howſoever the Number 
of Miles between Ware and Londer, are almoſt the fame by Eſtimation 
that they are by meaſure 3 yet all the Way beſides from York to Ware, a 
meafured Mile conſiſting of 320 Poles, -is but thfee quarters of a Mile, 
as the Miles lie by Eftimation or common Account z fo that every where 
(for the moſt part) three Miles by Eſtimation make four meaſured Miles; 
and a min. or the-6otb part of a deg. is almoſt in the middle between 
them both. So that look how much a meaſured Mile is leſs than a 
min. ſo much, or ſomewhat more, is a Mile by Eſtimation greater than 
a min. for as there is contained in a Degree of meaſured Miles 694 and 
ſomewhat more, as we have before ſhewed z ſo of our common eftima- 
ted Miles, there are contained about 51+ in a Degree. 

Upon theſe grounds the whole Map of this Kingdom might be much 
recifted, eſpecially in the Latitude of Places z for tho we cannot hence 
determine certainly the Latitudesof any other Places beſides thoſe which 


which we have before noted z ) yet we may nearly conjeRure the Lati- 
tudes of moſt Parts of England, by their Diftances and Poſitions from 
theſe: but theſe things being beſides our ſcope and purpoſe in this place, 
we ſhall only compare the Latitude of fome principal gr eng? Mia ly 
gathered from this Experiment, with the Latitudes of the ſame Place, 


a5 they are ſet down by Mr. Speed in his Geographical Deſcription of 
England, that ſuch as pleaſe to examine both in any Particulars, may 
know to which they may more ſafely lean. 


Camperbny 


Laticade, Wv 
deg. min, i 


were in the Way, or at leaſt in fight as we came up, (the principal of 


—_ i. Em IAA and. Sh Senn cw _ «a 
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Salizbury 
Reading Fl 
London 
: Colchefler 


Doncaſter 
Gloceſker |, 51 53 | 52 12|| Durham 
Hereford 52 07152 27||Carliſle 

Worceſter 52 14 | 52 36 Newcaſtle 
Warwick 52 20 | 52 45] | Berwick | 


The Latitude of theſe Places in the firſt Column expreſſed are ſuch as 
ae probably gathered from this Experiment. But in the ſecond Co- 
lumn there are ſet down the Latitudes of the ſame Places, as they are ex- 
preſſed by Mr. Fohn Speed in his Map of England, ſet forth in his Book, 
intituled, The Theatre of the Empire of Great Britain; and leſt there 
ſhould be any Miſtake in his Map, 1 have conferred theſe Latitudes 
thence gathered, with the Latitudes of the ſame Places, fet down by 
bim in words at large, in his Deſcriptions of each ſeveral County, 
and find them nearly to agree, except in the Latitude of Berwick, which 

2 in 


in his Map he makes to be $7 deg. 3 min. But in bis Hiſtorical-Dg, 4 
{cription of Northumberland, he relates it to be 55 deg. 48 min. Which 8 
laſt is much nearer the Truth, but ſeems not to be his meaning ; be. i b 
Cauſe then he ſhould make it more Southerly than Newcaſtle ;, yea, more 
Southerly than he doth Carliſle, which by his Map, and alſo by his I c 
words in his Relation of Cumberland, is in the Latitude of 55 deg, 56 
min. whereas Berwick, is above 50 Miles more Northerly. 

By theſe you may nearly conjecture the Latitudes of other parts of 
England, lying in or near the ſame Parallel with any of them : Ang 
hence it alſo appears, that the difference of Latitude between Berwick, 
and the South Coaſt of England near Chbriſt-Charch, is little more than 
9 deg. not 6 deg. and more, as ſome of our Maps make it. But theſe 
things we mult leave, that we may proceed to that which is principally 
tended, only we will firſt touch a little upon the Ule of the foregoing 
Table, in plotting and ſurveying of Land. | 


CRAFT. VY. 


To delineate the Plot of any Foreſt, Park, Common, oy other 
piece of Ground ; as alſo of Rivers, Harbours, &C. ſpeedily 
end moſt exatily. 


Y Intent is not here to proſecute at large the. Plotting of 
Grounds, being a thing handled by others, treating of Survey- 

82g : But conſidering the ways by them direGed, and by others practi- 
ſed, in delineating or laying down the Diſtances and Angles obſerved 
by the Circamferentor, Theodvtsre, Perattor, or other graduated Infiru- 
ment, are by a Pretrattor, and that the Table before-going, or that 
which followeth towards the end of this Treatiſe, ſerveth for that and 
the like purpoſes, almoſt as ſpeedily, and far more exactly ; I ſhall 
crave leave to digreſs a little to ſhew the Uſe of it as briefly as I may. 
Therefore paſſing over the Method to be uſed in ſetting down the 
Names of the Grounds, the Tenants, Borderers, and other remarkable 
things, leaving every Man in theſe to the ways wherein he is ac- 
cuſtomed : You may (as ſometimes I do) make a Book ina long Otta- 
vo, and upon the left ſide thereof ſet down ſuch things as theſe before 
mentioned, reſerving every right tide, and dividing them by ruled Lines 
into fix Columns, as hereafter following appeareth. R 


| and having taken and et down your Notes in the Field on the left 
WW gdes or pages of your Book, you may in the Evening, or next Morning 
'Þf before you go out, or when elſe your Occaſions will permit, ſet down 
Þ & he firft Columns on the right fide, how many degrees the Lines up- 
& on which you have traverſed, are dittant from the North or South part 
of the Meridian towards the Eaſt or Weſt 3 and in the ſecond CONpns 
the _y : 50 ſame Lines, in Changes, Chains, and fingle Poles, 
arts of Poles. 6 
this Figure 3 ſuppoſe the Line from A to B to be direaly Eaft, 


7 Changes, that is, 7 times 30 Poles, or 210 Poles. From B to 


C to the Eaftwards of the South 35 deg. 5 Changes, and 1 Chain: from 
Cto D to the Weſtwards of the South 32 deg. 5 Changes, and 4 Chains ; 
fomD to E to the Weſtwards of the South 8odeg, 10 Changes ; from 
E to F to the Eaſtwards of the North 35 deg. 6 Changes, 3 Chains, and 
two thirds of a Pole ;, and laſtly, from F to A, the place where I tirſ 
began, to the Weltwards of the North, 9 deg. 5 Changes, 3 Chains, 
27 Poles. All theſe | expreſs in the firſt and ſecond Columns on the 
tight (ide, as hereafter following appeareth. 

Which done, I take the Table, and'tind there the Northing and 
Wuthing, -Eaſting or Wetting anſwering to theſe Degrees and Diftan- 
es, and {ct them down accordingly. As for the firſt, being Eaſt 
7 Changes, I fet down in the Eatt Column 210 Poles with a Cer 

1 


able for 5 Changes 1228, to be ſet inthe South mi, nd 84 


for the Eali Column; alſo upon the ſame degree for 1 Chain, 25 for the 
South Column, and 17 for 


- Eaft Column and fo 1 proceed with aj WW Þ 
the reſt, till [ have finiſhed. et 


A __ Degrees. Diſtance. | North, j South Eaſt. | Weſt. FY 
Ealt. w"tH—; | 2100 » 
NE" | | | 4 
South-caſf, 35 [ #t—+ a, | == : 
| / 
South-weſt, 32 #2 | 1272 | 2795 
| | 0102. | 0064. 
South-weſt, 80 T4 | OF2I | 2954 
| x 
North-eaſt, 35 TIT 1474 | 1032 
3 1 0074 0025 | 
1 | 0005 o004. | 
North-weſt, og } ,,,.* 1481 | | | 0234 
Frfh 3 | oo89 | | 0014 
| 223- | ©0025 | ©0004 
\ 
- | —— | -— | —- Ep 
| 3145 | 3148 pe 4065 
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And being thus returned to my firſt Station, I ſum up ſeverally thele 
four Columns of North, South, Eaſt and Weſt; and tinding that the 
Sum of the North Column is equal to that of the South, and the Sum 
of the Eaſt is equal to that of the Weſt, I conclude the whole Work 
to be truly performed ; whereas if there had been any difference, it 
had fhewed an Error ; and if that Difference had been great, it had 
been neceſſary to examine the Work again, and fo to corred it. 

It is uſual to add together all the Angles, and- alſo to multiply two 
right Angles, or 180 deg, by the number of Angles lacking two; and 
if the Sum of the Angles added together, be equal to this Produ&, the 
Work is thought to be true: As here, if we add the Inclinations and 
Reclinations of theſe Lines in this Figure, the Sum is 720 deg. or 
eight xight Angles; and if we multiply two right Angles by 4, (be- | 


cauſe 
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anſ here are ſix Angles) the Produd is allo eigl Angles. Bur 
» other by the Sums P the Columns, is a ins way for exa- 
"© mining che Truth of your Work, and to be preferred before any other 
TT that | know. | 
' It may ſeem very laborious to ſet down every Scation in this manner, 
\ Þ butone chat is a little exerciſed inic, may, as I take it, (for I never ob- 
ſerved the time exactly) ſet down 40 or 50 Stations in this manner, 
within the ſpace of an Hour, or thereabouts, But I ſhould adviſe that 
it be done by two Men, having each a Table for that purpoſe, to avoid 
- all Miſtakes. 
If your Inftrument give not the Angle with the Meridian expreſly, 
yet it may eaſily be gathered thence ; or elſe you may divide a Circle as 
your Intic ument is divided, and number the Degrees as they are there 
numbred ; which done, number them-alſo from the North and” South 
part of the Meridian toward the Eaft and Weſt, ſo ſhall you ealily know 
the Angle of any Degree with the Meridian. 
' Now toproceed, theſe Meaſures may be ſet down in a Plot ſeveral 

ways. As firſt ; conſidering which way the Ground lies, I take a 

Point for my firſt Station, ſo as the whole may fall conveniently within 

the Plot, which let be.the Point A, by which Point I draw a Meridian 

and Parallel, namely two right Lines interſeRing one another at right 
Angles} whereof let N. S. be the Meridian running North and South, 

and E. W. the Parallel running Eafi and Wet : this done, I look to 
the North and South Columns, and there, firft in the South Column, 
and againſt the third Station, I find 1253, that is, 1254 Poles ; this 
Iſet in the Meridian from A to the Southwards, and mark the Point 
with the Figure 3 ; then in the South Column againſt the fourth Sta- 
tion, I find 1374, which I ſet in the Meridian from 3 to 4 ; alſo againſt 
the firſt Station I tind 52 1, which I ſet in the Meridian from 4 to - Then 
apainſt the fixth Station, 1 tind in the North Column 1553, which I ſet 
in the Meridian from 5 to 6 ; alſo againfi the ſeventh Station, which is 
the fame with che firſt, I find 1595, which I ſet in the Meridian from 6, 
and it falls upon A, which is the tirſt Station. And thus have I done 


with the South and North Columns. 


oo 


In like fort I expreſs the Meaſures in the Eaſt and Weſt Columns in 
the Parallel E. W. As finding firſt in the Eaſt Column 2100, I ſet it 
down from A to the Eafiwards, and it extends to B, where I ſet 2, 
fenifying my ſecond Station ; I find next in the Eaft Column 877, 
which: I ſet down in that Parallel from 2 to3 ; next in the Weſt Co- 
lumn 859, which I ſet in that Parallel from 3 to 4, and fo I proceed 
with the reſt. And having thus ſet down the Meaſures in the Meridian 
and Paralle), we have alſo, as it falls out in this Example, two Stations 
expreſs'd, namely, A and B; now for the third, I take in the Parallel 
with my Compaſſes the diſtance A 3, and ſetting one foot in the Meri- 
dian at 3, I firike an Archnear C ;, alſo taking in the Meridian the di- 
ſtance A 3, and hxing one Foot in the Parallel at 3, I croſs the foreſaid 
Arch near C, the interſe&ion of theſe two Arches is the Point C, re- 
preſenting the third Station. 

In like ſort I proceed to find the Points DEF, for the fourth, fifth 
and fixth Stations ; then drawing Lines, namely, from the firſt Station 
A to the ſecond B, and from the ſecond to the third C, &c. we (hall 
deſcribe the Figure required, ABCDEEF. 

Otherwiſe, whereas here you add and ſubtract the ſeveral Diſtances 
of South and North, as alſo of Eaſt and Weſt, by your Compaſſes, you 


may 


| r a little more pains bas: and ſibrrac them by the Pen, which 
7 the better way 

As having ſer down in the Meridian the Southerly Diſtance of the 
third Station 1253, 1add thereto 1374, which is againſt the fourth 
Station, the Sum is 2627, the Sontherly Diſtance of the fourth Sta- 
tion, which I ſet in the Meridian from A to 4. Again, to this 1 add 521, 
ſo have | 3148, the Southerly Diſtance of the fifth Station A 5, ook 
which ſubtraQting 1553, the N ortherly Diſtance ſet againſt the ſixth 
Station, there remains 1595, which is the Southerly Diſtance of the 
ſixth Station, to be ſet in the Meridian from A to 6. Lzitly, from this, 
abating the Northerly Diſtance of the firſt Station from the Sixth, 
which I find there alſo tobe 1595, there remains o, ſhewing that I 
am returned to the ſame Paralle!, or Eaſt and Weſt Line, in which at 
firſt I began. And in like ſort, you may proceed with the Eaſt and 
Weſt Cine, and then by the interſeCtion of two Arches, find eyery 
Station as before. 

Other ways might be preſcribed, which will not be hard to find of 
your ſelf. And as we may thus lay down any irregular right-lined Fi- 
gure far more exactly than by the Pretrattor : So when it is laid down 
after this manner, we may caſt up the Area or ſup-rticial Quantity of it 
very exquilitely-: Yea, if there ſhould be a Plot drawn (according to 
the Angles and Diſtances here given) after the uſual manner, by a Scale 
ſo large, that the Plot ſhould be an hundred times ſo great as this ; yet 
could not the Content thereof be caſt up ſo exatly and certainly as it 
may be here. 

But I muſt not inſiſt upon theſe things, they may of themſelves be 
conceived, and my Intent 1s only to touch them, that I be not preven- 
ted of Time, and by other Occaſions, from handling rhoſe things 
which 1 have here more eſpecially intended. 

Bur zs I have ſaid, this Courſe is chiefly to be uſed in plotting large 
Grounds, and rhere indeed are graduated Inſtruments eſpecially to be 
= tor other {maller Grounds there is none more fit than the Plas 

able. 
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CHAT. VL 


Of the Compaſs of the Earth, and the Quantity of a Degra, x 
according to the moſt approved Experiments, Antient ani Wn: 
Modern. 


Lthough the Compaſs of the Earth hath been in ſome ſort 
A obſerved by divers of the Antients, yet for ſome of then 


we cannot certainly gather what Meaſures they uſed ; others uſed 
no Meaſure at all, but aſſumed the Diſtance of Places to be ſuch as it 
was eſtimated by Travellers to be, and likewiſe the Latitude ; therefore 
it will be needleſs to inſiſt upon the Examinatiou of their Obſer- 
vations : others of them which were taken by meaſure, and which we 


may upon any good ground reduce to our Meaſures, are theſe which 
W. 


Wilebrordns Snellias, in his Book, intituled, Eratoſtbenes Batavy, 
cites Abel Fedas, a moſt diligent Arabian Geographer, that lived about 
the Year of Chriſt 1322, who records, that about the Year of Chriſt 
$827, certaia Men, skilful in the Mathematicks, did, by the Coms- 
mandment of their Prince 4/manon, meaſure in the Fields of Meſops- 
tamia (as be gathers) under one and the ſame Meridian, from the 
North towards the South, the quantity of a Degree, and found it to be 
56 Miles, or ſomewhat more. The Quantity of their Mile, according 
to Alphragranus, was 4000 Cubits, or 6000 Feet, whence the Quan- 
tity of a Degree ſhould be 336000 Feet : but of the length of their 
Foot we are ſomething uncertain ; only they define it to be fo long as 
the extent of 96 Barley Corns laid fide by ſide 3 whereas the Rbynland 
Foot, according to trial by him made, is but the extenx of 9o Corns 
laid in like manner 3 ſo that if there be no inequality in the Grains,then 
90 Arabian Feet are equal to 96 Rhynland Feet. But 96 Rhynland. 
Feet are found to be about 91; Engliſh Feet ;, therefore alſo by the Rule: 
of Proportion, 336000 Arabian Feet do make of our Engliſh Feet: 
370222 : So that according to this Experiment. of the Arabians, a: 
Degree ſhould contain 370222 of our Engliſh Feet. And before we: 
have found by the Obſervations taken at Londox and York , and by the 


diſtance of their Pargllels megſured, that a Degree contains o 4 
Engliſh: 


Be: 


oe. | 35 

3022 Feet, that is, a- | 
hour the +. part of a Degree, or half a te. 

Y Hecites next Alhazen the Arabiay, who in his Book de Crepaſculis, 
Kdeclares the Compaſs oi the Earth to be 24000000 Paces 3 ſo that pro- 
DK portionally there muſt bein one Degree 66666 + Paces, that is, 333333 
Bl Arabian Feet. And ſeeing that 90 Arabian Feet make of our Engliſh 

Feet 99 + 3 therefore by the Rule of Proportion 333333 Arabian Feet, 
make of our _ Engijſh Feet 367283. So that according to Albazey, 
there ſhould be in a Degree 367283 of our Engliſh Feet, differing from 
the Experiment which I made only 83 Feet in a Degree. 

I have not ſtrained theſe numbers to bring them to this nearneſs,they 
are the ſame in effet which are ſet down by Swelius in his Eratoſtbenes 
Batavus, who with great Induſtry and Judgment hath compared the 
Meaſures of the Antients, and the Meaſures afed by ſeveral Nations in 
theſe times, with the Rhynland Foot. Much leſs haye ll ſtrained my 
own Numbers to draw them up to theſe : But on the contrary, I con- 
feſs upon the ſight of his Book, obſerving the great Pains and Indu 
which he profeſſeth himſelf to have beſtowed, and which I donbt not 
but he did imploy in making his Experiment, and how he had found 
the meaſure of a Degree to be much leſs than mine, as we ſhall after 
' B hew ; I began to doubt that I had not made ſufficient allowance for 
| the unevenneſs of the Ways, and for ſome ſmall Bendings, ſometimes 
tothe Right-hand, ſometimes to the Lefr, the Obſervation whereof I 
wittingly neglected, to ſpare Time and Expence. For I did often ob- 
ſerve a Mile or two before me, ſome mark in the High-way, noting 
the Degree and meaſuring toit in the Way, neglecting.to obſerve the 
Intermediate ſwervings of the Way, ſometimes theer or four Degrees 
towards the Right-hand, ſometimes as much to the Left ; but making 
ſuch allowance for that, and for the unevenneſs as I judged ſufficient. 
And ſome Men may think, that the exaft Obſervation of theſe leſſer 
things thus neglected, and regulated only by-Judgment or Conjecture, 
might deceive me much : But they may conſider, That if there be twa. 
places a Mile diſtant, that is, in a right Line 320 Poles, if yowmea- 
ſure from one of theſe places towards the other, not in that right Line, 
but always ſwerving from it by an Angle of four degrees, ſometimes 
to the Right-hand, ſometimes to the Left, till you come to that other 
Place ; I ſay, that notwithſtanding all theſe ſwervings (if there be no- 
thing elſe to augment the Meaſure) it will not amount to 321. Now ' 
conſidering that;I had all the Way, as occaſion required, made ſuch al- 
lowance as ſeemed convenient, and ſo found 367200:Feetin a Ts 

| S-2 elore 


Þ garb Feet 367200. The difference is on 
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beforeI coun red it with the Meaſures taken by any other, I reſolys 
not to diminiſh nor to augment the Numbers thus arifng by my 0þ 
ſervations, Meaſures,, and Allowances, in reſpect of the Oninjone, 
Obſervations, or Meaſures of any other Man, votil there he mage 
ſome Experiment more evident and exact than 2iy ve ex! 4m {nfdf 
am ſomething the more confirmed by the near Agrec me. r of th-#{, tw 
Teiiimonies before recited, both cx. cedin;. mea ln wthe via off 
ad TNegree, But we cannot conhdently rel: oP them. Duc ank W's | 
in.uality which may be of Corns or Grains; for theirs may b3ply 
be 1»mething greater or leſſer than ours. | 
Both cheſe meaſures of a Degree do much exceed the Qnani:ty of aff a 
Degree found by Snelhzw ; but when he compares them. with) his own a. fſþ ; 
nother way, namely, placing the Barley-Coins ſo that they mov notliefl | 
flat, bur be ſer up edg-wiſe, and ſo by 96 (.orns to make a Foot. an(iÞ © 
| 

] 


by ſuch Feet to meaſure a Degree ; then he linds that the Quantity ofz 
Degree, according to the Arabians, is much leſs than by his Experj. 
ment it ſhould be : but if ſome be laid flat, and others ſet up cdg-wie, 
the Arabian meaſure of a Degree will agree with his. And fo he pro-fſ « 
poſeth this doubr, Whether the y6 Grains, whereof the Arabian Foc 1 
doth conſiſt, muſt 'ic fl+t or be ſer up edg-wiſe, or ſome of them to lieÞÞ. « 
flat, and other* to be ſet upedg-wiſe, Bur it is molt probable that they | 
muſt lie flat, that being ine Potion which they are apt unto by Nature;ſſ . 
they cannot be ſer edg- wife without much trouble, eſpecially ſo many] 1 
together as make the lei, thof a Foot ; and ſo the Arabian meaſureof 
a Degree doth nearly agrec to this of mine. | 
We come next to heer the determination of Prolomy of Alexandria 
whoſe Authority an Crecit inthe Solution of this Queſtion, is not 
inferiour to ar «+ 4» Anilents. He affirms the Compaſs of the 
Earth to be 1% © > 5+aar 5, and the Quantity of a Degree 500 Stad- 
wms ; the fame 2+ S'7 abs 14ith in his ſecond Book of Geography) was 
before affirms. by Pofidrins. Al © Marinus Tyrius (before Ptolomy) 
had determine. «© Quaniiry of a Degree to be 500 Stadiums, Prtelony 
confirms ity, nc. mply Iron) then elations, but as it ſeems from his 
own Experienc «nd that ty fone Meaſures diligently taken : forin 
the eleventh Cl; 1-1 of the 5r{t Book of<his Ge: graphy he hath theſe 
words; Sedin auogue reite ſentsr, partem unam, qualium oft Circi: 
lus maximus tric. «torum ſexagmra. quinginta in Terra cenſtstucre Sta 
dia, id enim confe/[is dimenſ1oribus conſonum exiſtit, Alſo lib, 7, Cap. 5| 
Ha ut pars una, jen pradius nu quingint a contineat Stadia, quemad 
moaum ex duigentibus deprehenſum eſt dimenſronibus.. Now a Stadinn 
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ot oply amongſt the Greeks, but, as appears by Herodotus, amongſt 
þ. Wall other Nations of Aſia, and in Egypr, did confift of 600 Feet ; 
ns Wherefore a Degree, according to Prolomy, mult contain 305000 Feer. 
10:M But the Egyptian or Alexandrian Foor was much greater than our Foot; 
4[Ffor, 2s we have before ſaid, the antient Roman Foot was greater than 
wo ours, and the Evyptian Foot was much greater than the Roman : For 
of @ it is often teſtified by Hero Mechanicas, that five Alezxandiian Feet 
1 make ſix Roman Feet. And Mr. Snellius 2th very INgerloniy gat her- 
lx ed, both from Phzlander and other ways, !-aL th” iy: and For is 
| <qual to the antient Roman Foot ; rhe! eto: < alſo (ie Ajc x21.drian Feet 
faſt are equal to fix Rhynland Feet : So thar by the Ril- or Prop tion, 
2 30c000 Alexandrian Feet, will make of Rhyrlard Feet 30 'v00, But 
le by the 1iz2 of our Engliſh Foot, which was fert him trea1 the lron 
nd} Standard in Ga#/a-hall, he finds it to contin bur +68 ſuch p:rrs as the 
fi Rbynland contains 1000 : So that 965 Rhyniand Feet are equal to 10co 
i Englifh Feet, or 121 Rhynland Feet are eq: al1o 125 Engliſh Feet. 
8 Therefore alſo by the Rule of Proportion, z36coo0 Rhynland Feet are 
0 equal to 371900 of our Engliſh Feet. Theretore ::ccording to Prolomy, 
off there are contained in a Degree 371900 of our Engliſh Feet. But by 
ie. our fore- mentioned Experiment made between York and Londen, we 
78 find only 357200 Feet in a Degree, being leſs than Prulomy's by 
2:8 4700 Feet, that is, by +; part of a Degree, or 3} of a min. and little: 
FF More. 
of Fernelixa, a Modern Author and Learned Phyſician, meaſuring the 
Way by the Revolution: of a Wheel, and the Latitudes by Obſcr vation, 
4 finds in a Degree 68 Italian Miles, and 96 Paces, the Pace which he 
tf uſcd being, more than 5 of our Engliſh Feet. But becauſe he handled 
ey not be Problem exactly, ard is ſuſpected by Snelizs (though I think 
* Wiito»t cauſe) to have grounded his Concluſion rather upon the Expe- 
SH riment of the Arabians before ſet down, (wherewith it doth nearly a- 
)8- gree) than vpon h1s own, we will 1nfiſt no longer upon it. 
We co're in the laſt place to the Experiment of Willebrordus Snellins 
) 


a Hollander, made in the Netherlands about 20 Years paſt. We ſhall. 
Nor necd to rote the Particulars of it, beinz extant at large 1n his 
Book before-mentioned : But in concluſion, he finds in a Degree. 
352000 Rhy: land Feet. Now a Rhynland Foot (as he bath there 
| ſkewed, comparing both together) is greater than ours, and that in 
| {uch proportion, as 1000 is tog68 ; (and ſo much, or little more, it 
| 2Ppears to be by that Model of the Rhynland Foot printed in his Book) 


| tierefore 968 Rhynland Feet muſt make 1000 of ours and hence Dy 
| the 


= "= 
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_ theRule ofPfoportion, 342000 Rhynland Feet will make of our Eng- iſ 
liſh Feet 353306. So that there ſhould be ina Degree only 353306 
” Feet, which isleſs than we have before found ina Degree by 13894, + 
Feet, that is, by the 43 parts of adeg. or 2 4+ min. and ſomething bs 
more. He was a Man doubtleſs of ſingular Induſtry and-Knowledg, 
and of much Exerciſe in the Mathematicks, and it may beas well ex. 
perienced in this Particular, touching the Geometrical Menſuration of 
Diſtances; and he bath beſtowed much Pains and Diligence in this Expe- 
y riment, as by.his Book appeareth. But if he had by a Chain meaſy- 
red the Diſtance of his two utmoſt Stations,(if the Ground would per- 
mit, which [ ſuppoſe it would not) or at leaſt-wiſe if his meaſured Sta- be 
tions had been further diſtant, I conceive he would have found a greater 


Diſtance in his two utmoſt Places of Obſervation. But if a Man, in- "4 
tending to find the Diſtance of two Places,meaſure only the --!-- part of 
that Diſtance, and by that meaſured Line and the Angles, think to find p, 


their true Diſtance ; whether he do it immediately from the two mea- A 
ſured Stations, or mediately by help of others obſerved from them, he 


may eaſily fall into ſome notable Error. For tho the Problem be exaQtly hi 
true in Geometrical Demonſtrations, how ſmall ſoever the meaſure be, oþ 
' yet it is not ſon ſenſible and experimental Practices, by reaſon of the 4 
weakneſs even of the beſt Eye, and the imperfeCtion of the Inſtruments b 


themſelves, and in their uſe. And beſides, that there were many Sta- 
tions obliquely ſituare, a Man cannot always hit the juſt middle of that t 
Turret, Steeple, or other Mark which he obſcrves; neither when he 
comes to make his Station there, can he always place his Inſtrument 
juſt at the concourſe of his former viſual Lines, by reaſon of other im- 
p=diments beſides the force of the Wind in ſuch eminent Places; and 
moreover, that amongit ſo many Steeples as there are in ſome Towns, 
there a Man may ar ſome times miſtake one for another. And if there 
ſhould happen no notable Error, by reaſon of any, or of all theſe Ca- 
ſualtics, yet may two Minntes, in the difference of the Latirudes of two - 
Places, be eaſily miſtaken, eſpecially being derived from the Latitudes 
of the Places which are very rarely ſet down truc to a Minute. 

If it be objected, That | might as well be ſo much miſtaken 1a the 
differences of the Latitudes of York and London. 

| anſwer, It 1s not ſo likel;, b-cauſe | had the opportunity of ob- 
ſerving the Summer Solſtitial Altitude ofthe Sun in both Places, where- 
in I had no neceſſary uſe ot the Sun's Parallax nor Refraction, nor of the 
Table of the Sun's Declination, any of which may cauſe more than a 
minute's Error In finding the Latitude of either Place. 


Beſides, 


| ; The Scaman's Phartice. 39 
BK Beſides, If mine Error in thoſe Obſervations ſhould be full as mach, 
Het would it not inthe Concluſion be half ſo much; becauſe the Diffe- 
Wrence in Latitude of the two Places of my Obſervation is more than 
Wtwice ſo much as thar of his. 
-- About the Year 1672, Monſieur P:cart publiſhed an Account in 
French, concerning the Meaſure of the Earth, a Breviate whereof may 
be ſeen in the Philoſophical Tranſaftions, Num. 112: wherein he con- 
dudes one Degree to contain 365184 Engliſh Feet, nearly agreeing to 
Mr. Norwood?s Experiment. 
- But let this ſuffice, leaving every Man to embrace that which he ſhall 
beſt approve. But our Experiments do ſufhciently convince that com- 
mon Error of counting only 3co-00o Engliſh Feet to a Degree, beſides 
the conſent of other Obſervations before-recited, Antient and Modern. 
Mr. Snell;zs hath further in that Book of his, entituled, Eratoſtbenes 
Batavus, with much diligence compared ſome Antient Meaſures, as al- 
the Meaſures of ſundry Foreign Countries, with the Rhynland-Foot ; 
and amoneglſt the reſt, our Engliſh Foot, according to a S1ze thereof to 
him ſent from the Standard in Gwild-ball, (from whence alſo [ had: 
about 20 Years paſt, the ſize,of that Foot which I have uſed in this. 
meaſure) ; we ſhall not need to repeat them all, becauſe his Book is ex-: 
tant : Some of them are theſe following, which we here compare to 
our Engliſh Foot, as he hath there done to the Rhynland, that fo any of. 
them may be the more eaſily reduced into our Feet. Therefore di- 
ding the Engliſh Foot into 1000 equal Parts, we ſhew how many. of. 
thoſe Parts are contained in other Antient and Foreign Feet. 


Antient Feet compared with our Engliſh Foot: 


Of ſuch Parts as the Exgliſh Foot contains ——— 1000: 
Antient Roman-Foot contain ————— 1033: 
Antient Greek-Foot contains— ————07 

The of Þ4&ylonian-Foot contain —————t 

© \Alexanarian-Foot contains— _— — _— 0 

Antiochian-Foot contains — —. _ 


** Arabian-FOOt CONtains =o ———— ———ynmm— — I. 


Foresgn: 


4©O  - The Seaman's Pzactice, 
Foreign Feet compared with our Engliſh Foot. 


Of ſuch Parts as the Engliſh Foot contains _———— = 1600 
" Rhynland-Foot contains - _ = —— 
Dor:. * 90i, contains — — 
Midaleburg-i oot Contalts ———— ——— — 9 

| Amfterdam-F900t CONtalns —— —— 


Antwerp-Foot contains — ———— 

The £ Loevain-F oot contains - — - —-- = 
Hafnian-Foot in Denmark Contains —— —— —— 965 
Paris-Foot, called the King's Foot, contains ——— ——— 1090 

| Yenice-Foot contains —— —— 
| Zoledo-Foot contains 
| Norimberg-Foot Contains —— ——— —— ——1006 
[Stratburgh-Foot Contains ————— — 920 
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Of dividing the Log-Line, and reckoning the Ship's Way. 


T HERE be four things upon which the Praftice of Navigation Is 
eſpecially grounded, namely, the Knowledg of the Longitude, : 
Latitude, Courſe and Diſtance. Touching the Longitude, tho it may] t 
be found by the other three, yet hitherto there hath not been delivered] t 
any gericral Rule true, and practicable, whereby the Longirudes oF 1 
Places might be immediately and ordinarily found of themſelves. They f 
Latitudes of Places may immediately be found by Obſervation al | 
the Sun and Stars, as we have formerly ſhewed in the Appendix to the | 
Deftrine of Triangles : The Courfe by the Compaſs, the Variation be | 
ing duly ob{crved, wherein we have many good Mariners very experhj 1 
this we have alſo handled in the Do(trine of Spherical Triangles. TW r 
Diſtance run, is found of it ſelf by the Log-line, whereof we are ben j 
to ſpeak. | 
The ground of finding the Diſtance run by the Zog-line is mecrifÞ 1 
conjeQural, being founded upon this Opinion, That 5 of our Fee} x 
make a Pace, and 1000 ſuch Paces make'a Mile, and that 66 !uG 


Mules make a Degree 3 ſothat a Degree ſhould contain 300000 oL cup n 
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ars not only by this Experiment; but even by all others 
"taken, and their meaſures to us ome there 
| nber of our Feet contained in #' Degree. 
 - There be three things (as 1 conceive) that have cauſed this Error to 
beſo commonly received and tolerated. The one, for that it doth 
mewhat counterpoiſe another contrary Error in the Practice of Navi- 
gation, namely, in the uſe of the Plain Chart ; for the Error which is 
there committed by making every Parallelequa] to the EquinoRtiial, and 
fbevery Degree in them greater than they ſhould be, is ſomething mo- 
'derated by this Error ; whereby the meaſure of a Degree is eſteemed 
leſs than indeed it is. 
- For inſtance 3 It is evident by the Globe, that the Meridians concur= 
ring in the Pol:s grow nearer and nearer together,as they grow towards 
the Poles ; _inſomuch, as if two Meridiais be diltant is the Equinottial 
10 Degrees, thar is 600 Miles, the ſame Meridians in the Latitude of 
6 35 deg. will be diſtant ittle niore than 490 Miles. Now if unto every 
Mile we account according to the former Experiment 6 1 20 Feet, then is 
the diſt>nce of rhoſe rwo Merid;ans in that Parallel near 30coo00 Feet. 
In like fort the Plaw Chart, 10 deg, of that Parallcl (as of all others) 
smade «qu2Ito 10 deg of the EquinoCtial or Meridian; fo that the' 
diſtance of theſe rw-» Meridians will upon the Plain Chart be 600 Miles, 
but one of theſe Miles contains only 5000 Feet, ſo that the diſtance is 
| | but 3000000 Feet, equal to the former. 
iy And althouyh thete Errors in other caſes do not juſtly ballance one 
another, as in this Example, yer that of the Plain-Chart is always ſome- 
thing moderated by this other, and ſo much the more, by how much 
they.are nearer to the foreſaid Latitude, I grant that this is only ſo 
"when the Courle is near unto the Eaſt or Weſt Points but withal, L 
ſay, that this kind of Reckoning is (in a manner) then only uſed :* 
For he that runs any Courſe near the Meridian Southerly or Northerly, 
lath a more certain way of reckoning, namely his Lticude, which 
be finds daily by the Obſervation of the Sun and Stars, upon which he 
Oy will depend, either negleCting, or at leaſt not regarding his Dead- 
&} reckoning. Yea, (it may be) never caſting the Log ſo much as once 
 inſuch a Voyage, baving a more ſure ground for his Reckoning. 
But in a Courſe that-is near Eaſt and Weſt, (foraimuch as there 1s no 
f way diſcovered for finding the Longitude) he is driven of necellity to 
"1 Make uſe of his Dead-rcckoning. | : 
We might add moreover. that the principal Voyages of this kind, I 


mean of thoſe which conſiſt of Courſes much Eaſterly and Welterly. as 
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Weſt India Cape ben Eſper anc 
are near unto this Latitude of 3 5 deg. ſo that as ſome of them are mory 
Southerly, others of them are more Northerly. | 
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But to inſiſt no longer upon this, I ſuppoſe a ſecond Cauſe to be, or ; 
that Men commonly deſire to have their _ before their Ship 
(as they ſay) that they fall not with a Place before they look for it: And i 
this comes to paſs, whilſt the Miles are accounted leſs in meaſure, and 
ſo more in number than they are indeed. 

And thus, though there may ſeem to be ſome Commodity in theſe 
Errors,eſpecially when they do nearly ballance one another; yet becauſe 
they ſeldom do ſo, bur always leave Men in Uncertainties, and often. 
times in great Perplexity and Danger, it is much ſafer and better to re- 
ject them both, and to embrace thoſe ways which are evidently ground- 
cd upon Truth, though there may be inthem ſome more difficulty at 
the firſt. Yet | confeſs, that he which reforms one and not another, 
may ſometimes err ſo much the more thereby. And 1 doubt not, but 
many would reform them both, if they could certainly do ſo. 

Therefore a third Cauſe of admitting and retaining this Error ſeems 
to be, for thatgthere hath been no Way delivered from evident and 
certain Grounds for the reCtifying of 1t. I doubt not bat many haye 
found Errors in their Reckonings, ariſing from hence, that they account 
only 300000 of our Feet to a Degree » bur not knowing certainly where 
to lay the Fault, have imputed it ſometimes to ull Steerage, otherwhiles 
to the variation of the Needle, or to ſome miſtake in their Reckoningy, 
or to ſome Ercor in their Plots, or to ſome Current, or ſuch other Acci- 
dent, and ſo the Error hath reſted unreformed. Wherefore although 
the practical performance of this Problem for finding the Circumke 
rence of the Earth, or the Quantity of a Degree on the ſame, have mae 
ny ſingular Uſes which I cannot now touch; yet that which amongſt the 
reſt | chiefly aimed at, was, that he might have a more ſure and evident 
ground for dividing the Log-line, and for reckoning the Ship's way or 
diſtance run more truly upon any Rhomb, or Point of the Compaſs, 
than formerly. | 

And now to apply it to this purpoſe ; we have noted before 
(Chap. 2.) that by the Experiment there expreſſed, we find-in a De- 
gree on the Circumference of the Earth. and Sea, 367200 of our 
Engliſh Feet. Wherefore retaining ſtill the ſame Diviſion of a Degree 
into 60 Miles, or 20 Leagues, (as.hath-been formerly uſed) a Mile will 
contain 6120 Feet, or 1020 Fathom : and ſo a League contains 18360 
Feet, or 3060 Fathoms ;. for dividing. 367200 by 60, the Quotient 
Is 
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we 44.6120, 16. Thus then 6o Miles being a Degree, every Mile is 6120 1} | 


Now ſuppoſing the Time of the running out. of the Zeg-line to be 
I meaſured by a balf-minute Glaſs, if we obſerve how many Feet or Fa- 
bis | ghom ſhe runs in half a Minute, we may thereby find her way for an 


nd ff hour, Or 4 hours, or for any other time : | 
_ As, admit there runs out of the Log-lize in half a minute's 51 
Feet, or 35 Fathoms, and you would know what way the Ship makes 
every Hour after the ſame Rate : ſay by the Rule of Proportion, 
if 04 Minutegives 51 Feet, 
what give 60 Minutes ? Or, 
If 1 Minute gives 102 Feet, 
what give 60 Minutes ? 
;-And ſo multiplying, you ſhall find 6120 Feet, which is one Mile : 
Or, if you would find her way for four Hours, which is 240 Minutes ; 
fays ——_—— mw Wy | 
- As 1 Minute 1s1n proportion to 249 Minutes 
Soare 102 Feet to 24480 Feet, or 4 Miles. 
Or, if you would have in Fathoms 3 ſay, 
As 1 Minute is in proportion to 240 Minutes 


= 17 Fathoms to 4080 Fathoms, the Ship's way in four 
ours. 


| Thelike is tobe conceived, if your Glaſs be for any other quantity 
ef time above or under half a Minute. 8 IS 
Some have thought that the Way which the Ship maketh, may be 
; | knownto an old Sea-man by Experience (as they ſay) that is, by con- 
jure 3 which Opinion makes ſome neglect the uſe of the Log, let 
they ſhould be accounted young Sea-men. But as he that rides often, 
will have ſome near gueſs how far the pace he rides will carry him in an 
Hour (becauſe he hath often obſerved it formerly ;) fo he which hath 
often ſailed, and kept an account of the Ship's way by the Log, will be 
able to give ſome near eſtimate of her way without the Log, But it 
5 incident to ſome Men to have ſuch a conceit of this their Eſtimate, 
that they think it more certain than the Rule it ſelf from whence it 
ls derived, eſpecially if it chance to anſwer their expeCtation at ſome 
times. 
It is thought alſo that the Ship's way may be known by two marks on 
the Ship's (ide. But this is doubtleſs very uncertain both by reaſon of the 
+ thortneſs of the Time, and in reſpc& of the dead W ater (as they call 
it) by the Ship's ſide. For the Water which is near the Ship, is Sow 
F 2 along 
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that 17 Foot is 44+ | +7 - part il - 
of an Hour : Therefore if there be two-marks on the Ship's fide diſtane ÞÞ + 


2long with the Ship in 
much ix is nearer. 2 
But if any deſire to-make trial of this way, itis/to beoc 


: 


part of -Mile;, and 10 ſec, ofia Minute is 


17 Feet, if the Ship run the diſtance of theſexwo marks in 1 0 ſec, 


runs a Mile in an Hour, if in 5 ſec. two Miles an Hour, if ſhe runs that [| 


diſtance in 2 ſec. ſhe runs 5 Milesin an hour. ' And fo always dividing 
10 ſec. by the number of ſec. in which the Ship runs that diſtance, t 
Quotient ſhews the Miles and parts of a Mile run in an Hour. 
But if the diſtance of thoſe two.marks be 34 Feet, if ſheruns it in 
20 ſec, it is after a Mile an Hour ; if in ro ſec. two Miles an Hour ; if 
in 5 ſec. four Miles an Hour : -and ſo always dividing 20 ſec. by the 
number of ſeconds, in which the Ship runs that diſtance, the Quotient 
ſhews how many Miles the Ship runs in an Hour. As if the Ship run 


that d:tance of 34 Feet in 8 ſec. then dividing 20 by 8, the Quotient ' 


is 2: ; ſhewing that ſhe runs 23 Miles in an Hour. Or, if you can 
conveniently make the Diſtance of the two marks on the Ship's fide to 
be 51 Feet, ({or the further they are diſtant;the better) then if the Ship 
run that diſtance in. 30ſec; it is a Mile an Hour, it 1 1a ſec. it is 3 
Miles an 'Heur ; and fo always dividing 3o ec. by the number of {e- 
conds, in which the Ship is running that diſtance, the Quotient ſhews 
after that rate how many Miles the Ship runs in an Hour. 
Otherwiſe you may do thus : Divide 17 Feet into 10 parts, and ſet 
a$ many of thoſe parts on the Ship's ſide as conveniently you may, which 


according tothe Ship's length will be more or fewer. Then when the 


Ship-runs one of thoſe parts in a ſec. of time,it is a Mite an Hour ; when 
two, it is two Miles an Hour ; when five, it is five Miles an Hour. And 
in general,if you divide the number of Parts run by the Time of running 
accounted in ſec. the Quotient ſhews what number of Miles after that 
rate run 1n an Hour. | 

As if ſhe run thirty of thoſe parts in five feconds, it is ſix Miles an 
Hour ; for dividing 30 by 5, the Quotient is 6 ; ſo if ſhe run forty two 
of thoſe parts in 10 ſeconds, dividing 42 by 10, the Quotient is 4 75 
which ſheweth the Ship's. way at that time to be after the rate of four 
Miles and two tenths of a Mile in an Hour. 

But for keeping this Account of Time, it may be donecither by a 
Sand-glaſs for that purpoſe, or by pronouncing certain words or 


numbers : as the Time wherein a Man tells twice 60,pronouncing every | 


nuinber as faſt as he can conveniently and.diſtin&ly, is about a ak 
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do; for whilſt a Man pronounceth one andtwenty, two and twenty, 
three and twenty, &c. there remains a certain Impreſſion in the Fan- 
taſy, whereby a Man is able 3n the ſame time to pronounce one, two, 
three, &c. And althothis Rule of numbring twice 60 for a Minutfe's 
ſpace, be not general toall Men, becauſe ſome are ſwifter or ſlower jn 
their Pronunciation than others ; yet after this Example, a Man making 
Trial, may frame a Rule to himſelf, whereby he may come ſomething 
near the Truth. 
* But leaving theſe, we come to the Diviſion of the Log-line, according 
to the half-minute Glaſs, which is more uſual and certain; And confſ= 
dering that half a Minute 1s of an Hour the -+4-; part, therefore the 
Ship's way running 51 Feet in half a Minute, is a Mile an Hour ; if he 
runs twice fo much, that is, 102 Feet in half a Minute, it istwo Miles 
an Hour ; if thrice ſo much , it is three Miles an Hour : And in general, 
how many times 53 Feet ſhe runs in half a Minute, ſo many Miles is 
3 | her way for an Hour. Fherefore leaving half a ſcore Fathom, or more, 
from the Log, that ſo it may be out of the Eddy of the Ship's wakes 
| I before you begin to account or turn the Glaſs ; if there you make a 
Mark for the beginning, and ſo 51. Feet from thence a Mark of /one 
Knot, and 51 Feet further a Mark of two Knots, and:51 Feet further 
(that is,153 Feet from your. firſt Mark) another Mark of three Knots 3 
and ſo proceeding, look how many Knots are veered out in half a Mi- 
nute,ſo many Miles ts the Ship's way for an Hour. Now for that which 
s veered out more aboye the juſt Meaſure of a Knot or Knots,you may 
allow for every 5 Feet the tenth part of a Mile almoſt. As, admit ſhe 
run 5 Knots and 25 Feet in half a Minute; then is her way according 
to-+ or 5 Miles and a half in an Hour, if 6 Knots and: 10 Feet, It is 
6:; Miles in an Hour, ©c- 

But according to the common:Opinion of 5500 Feet toa Mile, and 
60 ſuch Miles to a. Degree, there ſhould be ſemerhing leſs than 7 Fa- 
thom, namely, 41 = Feet to a Knot. 
 Andalthough he which veers the Zog-line be careful to overhale it ſo 
flack, that it may not draw forward the Log, yet (no doubt) it doth 


ble ſome way,following the Ship alittle as it is drawn by the Ligand > 
witha 


or four Fat | etna! 
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asa Man in his! -and Diſcretion ſhall think fit. 
If you would devide the L1g-line ſo as it might give the Ship's way 
in Centeſms, or the hundredth part of a Degree, and fit it to a halt 
minute Glaſs; Then ſeeing the hundredth part of a Degree is 3672 
Feet, and the ---. part thereof is 34 Feet ;, if you begin at the Mark 
at which you mean to turn theGlaſs, and meaſure from thence 30 Feet, 
and three fifth parts of a Foot, you may there place 1 Knot; and 
thence again meaſuring 30 Feet, and three fifth parts ofa Foot, there 
place two Knots; and ſo proceeding at the end of every 30 Feet and 
three fifths, adding a Knot, the number of Knots which run out in half 
a Minute, is the number of Cextefmzs whichthe Ship runs in an Hour, 
As ſuppoſethere run out 16 Knots in halfa Minute,then the Ship's way 
is according to 10 Centeſms of a ree in an Hour, .that is, the tenth 
part of a Degree, or 6 Miles. And ſoevery 3 Foot above the juſt mea- 
ſure of Knots, is near the.tenth part of a Centeſmr, or the thouſandth part 
efa Degree. As if there run put of the Zog-line 5 Knots and 12 Feer, 
Then the Ship's way for an Hour is 5 Centeſms, and four tenth parts of 
a Centeſm : the like is to be underſtood of others. 
And after the Form of theſe Examples you may divide the Log-ling 
for any other quantity of time, more or leſs than half a Minute, or 
for any other parts of aDegree propoſed. 

Thus have we handled the Diviſion of the LZog-tine, according to the 
Meaſure before found of 367200 Engliſh Feet in a Degree. Bur be- 
cauſe (as I have before ſhewed) the Ship's way is commonly more than 
by the Log-line it appears to be, and every Man deſires to have his 
Reckoning ſomething before hisShip, that he fall not with a Place un- 
expected ; for theſe, and ſuch other cauſes,and for the Rotundity of the 
aumber, if any Man think it more ſafe and convenient in Sea-Recko- 
vings, he may abate one in 52, and ſo aſſign toa Degree only 360000 
Feet, and conſequently to a Mile 6000 Engliſh Feet. 

And upon this ground, if in half a Minute there run out 50 Feet of 
ahe Log-line, it is a Mile an Hour ; and ſo if 100 Feet run outina Minute. 
For, as 1 minute is in proportion to 60 Minutes : 

$O Is 100 Feet to 6000. 
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tance of theſe two marks be 5o Foot, and then if ſhe runit in 30 ſe- 
conds, or half a Minute, ic is a Mile an Hour; if in 1o ſeconds, three 
Miles an Hour ;,if in 5 ſeconds, fix Miles an Hour (for 30 divided by 5, 
the Quotient is 6.) And foalways dividing 30 ſeconds by the number 
of ſeconds, in which the Ship runs that Diſtance; the Quotient fhews- 
how many Miles ſhe runs in an Hour, &c. 

Otherwiſe, if you make a Mark on the Ship's ſide at every 20 Inches, 
then when the Ship runs one of theſe parts in a ſecond of Time, it is a 
Mile an Hour ;. when: five, it is five Miles an Hour 3 if ſherun ei 
of theſe parts in three ſeconds, it is ſix Miles an Hour : For dividing 18. 
by 3, the Quotient is6. And-in general, if you divide the number of 
the parts run, by the number of ſeconds ſpent in-running, the Quoti- 
ent ſhews the Ship's way in Miles for an Hour. 

But for dividing the Zog-line according to this ground of 6000 Feet 
in a Mile, if you intend to uſe it with a half-minute Glaſs, then becauſe 

half a Minute is +4-, part of an Hour, and 5o Feet is alſo the :;- part 

of a Mile 3 therefore when the Ship runs 50 Feet in half a Minute, her 
; | way is aftey the rate of a Mile an Hour ;.if 160 Feet in halfa Minute,. 
" | itis two Miles an Hour, &c. 

Therefore half a ſcore Fathom or more from the Log, you may make 
@Mark, and beginning from thence, meaſure 50 Feet, and there make 
the firſt Knot,. and 50 Feet farther two Knots, and 50 Feet farther 
three Knots : And ſo proceeding, look how many Knots are run out in 
half a Minute, ſo-many Miles is the Ship's way foran Hour : and every 
5 Feet more beſides the Knots, is a tenth part of a Mile ; as if there run 
out 6 Knots and 20 Feet in half a Minute, the Ship's way is after the 
rate of 6 + Miles in an hour, &c. 

And ſo if the Glaſs were for any other time more or leſs than half 
a Minute, you may make the Diſtance of your Knots proportional : As if 
it were for 20 ſeconds, then becauſe 20 ſeconds are of an Hour the +: 

art, I divide a Mile, which is 6000 Feet, by 180, and the.Quoti- 
ent i$33 4 therefore there myſt be a. Knot at every 33 Feet and 4 


Inches.. ; | 
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And fo 


make one Knot, and at 30 Feet farther two Knots, &c. Then look 
how many Knots run out in half a Minute, ſo many Centeſms of a Bi 
Degree is the Ship's way for an Hour. And ſoif the Glaſs be 36 ſe- 
conds, then every Knot muſt have 36 Feet, &c. 

Now if a Man failing between any two places whi: h lie near Eaſt and 
Weſt one from another, have kept his Reckoning by Courſe and Viſt- 
ance, uſing a Log-lane ſo divided, that it have a Knot at every 7 Fathom, 
(as many do) and would reduce the Diſtance of thoſe two places fo 
found, to their Diſtance in ſuch Miles, as theſe of 60 to a Degree,.ach 
containing (as we have ſaid) 6co0 Feet ; the proportion in number of 
thoſe to theſe, is as6 to 5, for ſix of them make five of theſe. 

As, admit a Manin his dead Reckoning, uſing ſuch a Log-line as 
hath a Knot at every 7 Fathom, and for every Knot running outin 
half a Minute, he accounts the Ship's way to be ſo many Miles an Hour; 
and according to ſuch a Reckoning, ſuppoſe he finds the Diſtance of two 
places to be 1224 Miles, or 408 Leagues, and would know the Dt- 
ſtance of the ſame places in Miles of 6000 Feet to a Mile, which is ac- 


cording to a Log-line that hath a Knot at every 50 Feet. Say then by 
the Rule of Propornaon : 


As the Number 6 CY of! on 922185 

1s in proportion to 5 ; —— 0,69897 

So 1s the Number of Miles given, 1224——— 3.08778 

to the Number of Miles required, 1020—— — 3.00860 

Which 1020 is the Diftance of thoſe two places, in ſuch Miles where- 
of 60 make a Degree. Or to find the ſame in Leagues, the Proportion 
is: AS6t0s, fois 408 Leagues to 340 Leagues. | 
And thus may the Diſtance of places be found in ſuch Miles, whereof 
60 make a Degree, eſpecially if with the Diſtance expreſſed in the ay 
Chart, 
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the Second. And thus unayoidably, the mending of the one is the 
marring of the other, becauſe the thing propoſed is not poſlible. 

And ſuch is the Error of the plain or common Sea-Chart, repreſent- 
jog the Earth and Sea, not as a Spherical, but as a Plain Superficies ; 
not as if the Meridians did concur in the Poles, but as if they were al- 
ways parallel one to another. So that the Graduation and Projettion 
being ſuch, the Situations and Diſtances of places cannot be generally 
and truly expreſſed therein. 

But the Graduation and Projeftion of Mercator*s Chart, agreeing 
without ſenſibleError with the Globe, there may in that be deſcribed all 
or any parts of the World, according to their Longitudes, Latitudes, 
Courſes, and Diſtances, as truly, and far more conveniently for the 
Mariner's uſe, than upon.the Globe it ſelf ; and upon ſuch a Chart ſo 
deſcribed, a Reckoning may be truly kept, and any Error committed 
may eaſily be diſcerned and amended. Whereas on the Plain Chart, if 
2 Man find his Reckoning to diſagree, he is ſo far from knowing how 
toamend it, that he can ſeldom conjecture where the fault was. 

The negleCt and want of theſe Charts hath been, and is a great Im- 
perfeCtion in Navigation and Geography. For howſoeyer there be ſome 
which.do daily ſet forth for ſale, Maps of the World, and of the parts 
thereof, according to this Projection ; yet to have them truly ſuch, and 
fit for Navigation, requires in the Author or Maker of them good 
Knowledg, and ſome competent ability of his own, or Aid from 0- 

'thers, with a greater love to Truth, than to his own Profit ; which 
may induce him to beſtow ſuch Induſtry, Time and Expence, as I have 
formerly noted to be requiſite in ſuch a work. 

For the furtherance whereof, and of the PraCtice of Navization in 
general, I ſhall endeavour in the two next Chapters to ſhew a metho- 
dical and orderly way of keeping a Reckoning at Sea, more diſtinctly 
and exactly than hath been formerly uſed, and ſuch as may aptly be ſt 
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down in any Chart,and applicd in the three principal kinds of Sailinp , MW" 
cunedy aol ke hes Chart, or Mercator's, or according ol 
Arch of a Great Circle. And by a few Reckonings truly ſet down ac. 
cording to this Form, the Maps of the World, and of the parts thereof, 
might be much reformed. 


CHAT. Val. 
A formal and exs Way of ſetting down.and per{eiting 
—_—_— a Sea-Reckowing. 
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. Fitho the Courſe and Diſfarce cannot ve fo trul7 ar9 certainly 
known as the Latitude may 52 ; 12t we muſt endcrvour in theſe 
alſo to cone xs near the Troth as my be, tae rather, cor that ſome 
Reckoninzs muſt neceiiarily Gepene wholly upon them. And to that 
end, thoſe which in their, Voyages ex Sea, bzve occaſion to run far upon 
any Courſe or Courſes near the Mcridian, may do well to r:ke trial of 
That which 1 have formecly ſet down,touching the Quantity ofa Degree 
on the Earth and Sea in our known Meaſure ; and eſpeciaily in Eaf. 
India Voyages ; ſailing from the Lizard in the Welt-part of England 
to Cape bon Eſperance in Africk, they have opportuiity of making an 
emple Experiment hereof. 

Butleaving this to the Practice of the $kilful and induſtrions Sea- 
man, we come now to ſhew an orderly and exa&t way of framiag and 
Keeping a Reckoning at Sea ; for which purpoſe 1 have made the [able 
following, which ſheweth how much a Ship is more Northerly or Sou- 
therly, and how much more Eaſterly or Weſterly, by failing upon any 
Point or half Point of the Compaſs, any number of Miles propoſed. 

"Fhelike Table I made many Years ſince, and taught the Uſe of itin 
Navgation : Whether it were then uſed by any other, I know not, | 
had it of no Man ; bur this I ſpeak, that if any Man claim the firſt 
making and uſe of ſuch an one, he may have ir. 

The ground of making this Table is the ſame with the former. For 
« Radius 2s 51: proport#en ts the Diſtance run, ſo is the Sine Complement 
of the Rhomb, roche Diftance of North or Souch ;, and ſo # the Sine of the 
Rhomb, 0 the Diſtance of Eaſt or Weſt. Therefore here, for 10 Miles 
upon any ofthe four Points from the Meridian,we ſet in the ſecond Co- 
Tumn the Sine Complement of that Point (reduced into Degrees) and 
in the third the Sine thereof. As the ſecond Rhombor Point from the 


Meridian, being 22 degrees 30 minutes, the yine Complement thereak 
Wil 
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3 ich is 92.39 ſet in the ſecond Column againſt 10; and the Sine there- | 
£3827, 1 ſet here inthe third Column : and having done thus for 10 


£ 


es in every-Column, the reſt may be eaſily drawn from them. 


* As inthe ſecond CoJumn,for the firſt half Point againſt 10 Miles find- 
ing 9952, 1 ſet the half thereof, namely, 4976 againſt 5 Miles, and the 
tenth part thereof, namely 995 againſt one Mile, which doubled, ,or 
added to it ſelf, Is 1990, to be {et againſt, 2 Miles, whereto adding the 


Game 995, the Sum is 2985 for 3 Miles; and fo for the reſt. FP 

And thus for every Point and half-Point from the Meridian, thereare* 
three Columns : [n the firſt whereof there is ſet down a number of Miles 
run upon that Point or half-Point;the ſecond ſhewetk how much the La- 
titude is alter*d,that 1s,how much you are more Southerly or Northerly, 
by running fo far upon that Point or half-Point; the third, how much 
you are more Eaſterly or Weſterly,by running thatCourſe and Diſtance. 

The numbers ſet in every firſt Column, from r to ro, arealſo to be 


underſtood from 10 to 100, or from 100 ta1000; and the Figure in 


the fourth place of the ſecond and third Columns, anſwers to the Fi- 
gure In the firſt, As, admit a Ship runs South and by Weſt, (that is, 
South, one Point Weſterly) 165 Miles; I ſet down this number thus, 
and looking in the Columns of the firſt 

Rhomb azainſt 10 (which may. be wi 


—_— 


-\T . | 100] 981] 195 
underſtood to be 100) I find againſt S. W. 1.| 6ol 588! 119 
it in the ſecond Column 981 almoſt, - | p, - 1 _ 
and in the third 1953 as alſo againſt I EW © NOS - / SNOW 


6o (that is, 6) in the firſt Column, © [| 165 161:5| 32-2} 
there is 588 in the ſecond, and 117 in 

the third : alſo againſt 5 in the firſt Column, there is 49 in the ſe- 
cond, and almoſt 1o in the third. 

Theſe ſet down, and ſumm'd up, as here appeareth, ſhew that a 
Ship running S. by W. 165 Miles, is to the Southwards of the place 
trom whence ſhe departed 161 Miles, and 8 tenth parts of a Mile ; 
and to the Weſtwards 32 Miles, and 2 tenth parts of a Mile. If 
you deſire more ExaCtneſs, you may uſe all the places for the 
firſt or greateſt Number, which 1s 
here I 00, I OO 9808 I 95O; 
* As in this ſecond Example, where 's, W, 1.] 60 5885] 1170 
the Southerly Diſtance is 161 +*3 | Pint. | 5| ago 


| 165 161.83 32-17 


Miles, and the Welterly 32 +:: + 
Miles. EL LEON 
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A' Table of the Northing or Southing, 
every Rhomb and half Rhomb. from t 
tothe number of Miles run upon that Rhomb. 


ing or Weſting 
be Mer: s, 
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TT Poms] | | : Poms Pom? 
MyS- 375]54: 22zþ\t- 15178: 4916; $2173: 7521 3067 30| 
Il 995] 98 | 957 924 383 
2] 1990] 196 I984 1848] 1766 
3] 2986] 29 2871 2772] 1148] 
4| 398i] 392 . 3827 3696] 1531 
j 3} 4976 499 4784 4520] 1914 
| 6] 5971] $88 5741 $944] 2297 | 
|. 7] 6966] 686 6698 6468] 2680 
q & 7961! 734 7655 7392] 3062 | 

9|]. 8957] 882} 3612 831 
| j 315] 3445 
Ich 9952) 980 Oc} 1950} 9569 221 923 3827 | 
= Ty Point|5 + Point 3 Point 5 Point, 3: Pojm nt|4. Point.[4 Por, | 
M.182. 74161. 52433 4 J]50» 139. 22: 150. 37:145-_ O0[45. 00 
4 892 471 773 TR 707 
| 2 I 764 942 I 546 I 4.14 1414 
3 2046] 1414 2315} 2121} 2121 
k 3020 = 3092 2828] 2828 
2337 3065 353 
| | 5 3535 
6] hd 2828 463* 4242] 4242 | 
7 74 3300 . $411] 4949] 4949 | 
7056] 3771 6184] 5956] 5656 
7 7937] 4243 6955 6364] 6364 
LW. 4714 773cl. 7071] 7071) 


A larger Example may be that before ſet down in the laſt Problem 


of. ſailing by a great Circle, from Summers 


Lag, 170, &c. of the Dottrine of Triangles. 


As admit I ſail from the 


Viles z-then N. E..by E-. 300 Miles bY E.N, E. 


nce; Firſt, N. E. half a Po 


Iſtands to. the Lizaraz 


int Eaſterly 600 
half a Point Northerly 


495 


3 T - bar N, 210 i 2” hd | i 
ſtances [ fe don in fork rt e appeareth ;wh 
umn there is expreſſed the Courſe M Point of the Comp 
hich a Man fails ; in the ſecond Column, the Diſtan, e 

fon the Meridian ; in the third Column. the Diſtance run vpon that 


T Boint ; in thereſt, the Difference of Latitude and Departure from the 
- | Meridian in Miles, and tenth parts of a Mile. 
| wr Rbomb (Dif 4s | 
| Courſe. | fromthe miles.| North/South. Egft. Weſt. | 
| N E. i| Noreh.| | | Us 
| Po. E. Pd 6© 380.6 463.8 
TT 1 0 05" "N06 NOM 
| N. E. by N. Eaft., 3c 166.7] 2.4.94 
E. J Point | | | 
E.N.E.\\N. Eaſe. 40 1885] 3528 
L | Po. IN. 5 x Po. | 9O 424} be. 794 | 
__ = ——M. | 
: | E.N,E.N. Eaft. 300] 1149] [277-2 | 
7s S810 |. Hy =: WS. 
di E.N.E.:|N. Eaſt.| 200 580 | 1914 | 
| Po. E. Ke Po, | 60 [ 70 : 574 | 
( Es | | 9” 3 MES: x 
| E. by N.|N.Eaſs. 200 | 390 i 1962 | 
ii 7 Point.] 10 [___20| | 98 1 
| 900}  95I9| 
Eaſt, | Eaſt. | $01 | | | 
ETTTINED. © DEER Fa | ET 50D ey 
3210) [1047.4 29197 } 


(In all which is to be conceived, that all the Yariatzons are allowed) 
ſo that at the Foot of this Reckoning, I find the Sum of the North 
Column to be 1047 3 Miles, and the Sum of the Eaſt Column 2920 
Miles almoſt ; the firſt, namely 1047 Miles, converted into degrees, Is 
17 deg. 27 min. the difference of Latitude, which added to the Latitude 
of Summers Iſlands 32 deg, 25, min, (where this Reckoning es 4 
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the Sum is 49 dap. 52 minawhich is th | F 
| this be pa. eth. ' So thar according to this Account, the Ship' 
is run into the Latitude of 4g deg. 52 min. and bathaltered her Lon- i * 
gitude to the Eaſtwards, 2920 Miles, of ſuch Miles whereof 60 make Þ 
a Degree ofa great C inf * 

Thereforeif you ſet down this Reckoning on the Plain Chart, you 
muſt make a Point in the Chart that may be in the Latitude of 49 dep, 
52 min. and tothe Eaſtwards of Summers Iſlands, (where this Reckon. 
ing began) 2920 Miles; that is, you muſt ran a Parallel (with your 
Compalles or otherwiſe) on your Chart in the..Latitude of 49 deg, | 
_ 52 min. and croſs the ſame by a Meridian, 'which may be to the Eaſt- 

wards of the Meridian of Summers Iſlands 2920 Miles ; and ſo the Point 3 
of the InterſeCtion of this ?arallel and Meridian, is the Traverſe- 
Point, or Point in the Chart repreſenting the place where the Ship is 
in the end of this Reckoning. | | bag 

But if you ſet down this Reckoning on Mcrcator's Chart, you muſt 5; 
alſo find a Point that'tirfy be in the Latitude of 49 deg. 52 min. and 


hs JHYE Yu F -M « ; <4 s 4 - f "0 , | | 
minawhich is the Latitude of this place where. 


may likewiſe be 'to . the Eaſtwards of Summers Iſlands 2920 Miles, || © 
which is done by running with your Compalles a Parallel in the Lati- - 


tude of 49 deg, $2. min. and<croſſing the ſame by a Meridian, which |} ; 
may be to the Eaftward of' the Meridian of Summers Iſlands 2920 | i! 
Miles; the Point of the InterſeCtion of this Parallel with that Meridian, || 2? 
15 the Traverſe-Point, repreſenting in the-Chare the place where the do 
Ship then is. | or 

For it is to be conceived in this Chart, that the degrees of the Meri- | ®: 
dian intercepted between the Latitude of two places, are as a Scale for || ©? 
thoſe places, to meaſure not only their difference of Latitude, but th 
likewiſe their diſtance in their Rhomb, as alſo the diſtance of their || £2 
Meridians. de 

But becauſe it often falls out, that in ſailing from place to place, a | * * 
Ship runs not near the Rhomb of the two places by many hundred | © 
Miles, eſpecially in failing by the Arch of a Great Circle, which is the | 3*© 
moſt exquiſite manner of ſailing, and wherein a Man ſhifts his Courſe fre 
often, and runs much further in one Latitude than in another, as by the | '* 
former Example may appear :' Therefore once in thrce or four days, Þ| '< 
or ſooften as you alter your Courſe much, you may transfer or ſet th 
down your Reckoning out of your Book into your Chart. Asin trans» | © 
ferring the former Example, you may ſet down the Northing and Eaſt- | Þ* 
ing of every of the Courſes ſeverally : but for brevity ſake we will brirg thi 
them into three parts 3 and ſo alſo we ſhall not mucherr. 


And 


{ 


”" Wn 
And thus for the two firſt Courſes, E134 N. E: 2 a Point Eaſter- 


" 600 Miles, and N.E. by E. 300 Miles, find in the North Column 


"$47 Miles, and in the Eaſt Column 713'Miles ; alfo-- ; | 
j the three next Courſes, ſumming up the North North, Eaſt. 
and Eaſt Columns, 1 find the Northing to be 459 547] 713 
* Miles ; and the Eaiting 1050 Miles. Alfo for the 459| 1950 
two lair Courſes, I tind the Northing to be 41 41.1157 
Miles, and the Eaſting 1 157 Miles. 1047] 2920 


Now to trans:er theſe into the Chart, I confi der 
that 547 Miles is 9 deg. 7 win. which added tothe former Lititude 
32 deg. 25 min. makes Latitude +1 deg, 32 min. In which Latitude 
Irun a Paralicl, then -onliderin;; thi 713 Miles is 11 deg. 53 min. I 
take this 11 Geg. 53 min. in the Meridi 11!, as much above the one La- 
titude as bencath the other, namely, from 31 dog. o min. to 42 deg. 
53 min. and this | fer in :e aforeſaid Parallel from the Meridian of 
Suxamers Iſlands to the Ealtwards, and there make the Point B; then 
reducing 459 Mil-s1ato degrezs, it makes 7 deg. 39 min. which added 
to 41 deg, 32 min. makes Latitude 49 deg. 11 min. Allo the Eaiting 
1050 Miles are i7 deg. 30 min. the half whereof 8 deg. 45 min. 1 take 
In thi: Mz tan " 201 490Ve 41 deg. 32 min. beneath 49 deg. 11 min. 
namel-. for .4i dev. 20 min, tO co deg. 5 min. And this being 
doubled {buc; ruſe it is but the hel?) 1 ſer from the Meridian of the Prick, 
or Tra-erſe-Point B before made, 11 the Parallel of 49 deg. 11 min. 
making covereauuorier Prick D. Laitly, I add the Northing 41 Miles, 
to the former Lacicude 49 deg. 11 min. the Sum 1s 49 deg. 52 min. 
the Lacicane of the Parali2l to which I am now come, wherein I am- 
to ſer. down the Eaſting 1157 Miles. This therefore converted into 
dez:ccs of a great Circle, make 19 deg. 17 min. I take therefore 
1 dep. of the Meridian, about that Latirude ot 49 deg. 52 min. (be- 
cauſe the moſt part is run in that Latizede) namely, from 49 deg. 
30 min. tc 50 deg. 30 Min. and fer the ſame In the atoreſsid Parallel 
from the Meridian of the Prick D 1:1; before made to the Ezſtwards 
19 times > :ind m9;cover 17 min. take at the ſam? Latitude, and this 
reachcth te: thy Poine E, And ſois all this Reckoning ſet down 3 and 
the lix: 35 5 ve 1nderſtood of any other, which tho in Expreſiion it 
requires many words for Plainneſs, jet is there very lirtle difficulty: 
more in (hc Pradtice, than there is in ſiting down a Reckoning on 
the Plain Chart. 


CHAP. IX. 


A more ample Example, together with a larger Table for the 
keeping a Reckoning at Sea. 


'Aving thus (in a more general manner) ſhewed how to ſet down 
K. a Reckoning of the Ship's way for every Point and half-Point of 
the Compaſs, this to ſome Men might-ſeem- ſufficient. But becauſe a 
Ship doth 'not always make her way good as ſhe lies, nor doch her 
Leeward-way always fall juſtly upon a whole Point, or half-Point, or 
quarter: And moreover, conſidering that tho a Ship ficer away 
upon any Point of the Compaſs, yet her true way, by. reaſon of the Va- 
riation of the Needle, may ſwerve from that Point towards the one ſide, 
or towards the other, 3 or 4 Degrees; or more or leſs, and not always a 
Point, or half-Point, or quarter 3 therefore I have thought it requiſite 
to ſet down the Table following to every ſingle Degree 3 and that a Man 
- might the more readily with one or two Entrances have his deſire, I 
have alſo enlarged the number of Miles unto 100.. The ground and 
way of making this Table, differs not from the former, and it is to 
be uſed almoſt in the ſelf-ſame manner z wherefore we ſhall uſe the 
more brevity in the handling it. _ > | 


Here followeth a Table of the Noxthiug 'or Sopthing, Eaſting or 
Weſting of every Degree from the Meridian, according to the 
number of Miles run upen that Degree. Which for brevity ſake 
we call —— | 


A Table for the Difference of Latitude and 
Departure from the Meridian. 
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Now: — ſetting Ion a. | Reckonin 

b dtortel to keep it in this manner, wy haply 
diſcern how to order it in a better Way than I can preſer 

think upon, becauſe he hath occaſion often to conſider it 
"cular; yet in the mean time, I conceive it will be fir-to h: 
Folio, that i is toy Longs 0 Re er, and. 

- of your-:Book void, that you may write therein all 

pou ll Op k Ra Ns the. /inc 
= Hours, ag (We many. not Toke b- Pie the LN 
Re find by wed of the Metdian Alcitod of the Stars, and 
| what elſe you ſhall think remarkable. But before all this, the Tit of 
% the Voyage in theſe, -or the like words ; | 


I The Fonrnal of our Voyage, intended by God's Alſiftance from S. 1. im the 
Latizude of. 32 4g. 25 min. t0 the Coa f England, Ee. - 


$ The Right-hand Pa; , or the right lide of your Book throughout, 
- may by 5 be divide I into bY Columns, as in the Example fol- 
(lowing doth appear. In'the firſt Column may be expreſſed the Day, in 
the ſecond the Month, or at leafi ane in the top of the Page ; likewiſe 
'- inthe fame ſecond Column, bein enough, nay! be ſet 'down'the 
| Latitudes, which you find-by the rn IP es.of the;Sun at ſuch 
| times as you make Oboe. In the: er Column the Courſe (the 
| Leeward-way, if there be apy Leeing allowed.) In the fourth, che 
+ Variation of the Needle. In fo filth (having made allowance for the 
* Variation) ſet down the AnFle of your Rhomb' with the Merjdjan. 
 theſixth Column, ſet downtheDiftancein Miles ran-uponrthat Rc) 
| Inthe ſeventh, eighth, ninth-and-tenth Coſumns,-the-Ne thing or Sc 
thing, [Eating or eſting,” thereto anſwering,.as you” ſhall find it by 
your Tab able. In the eleventh, your Latitudes by. Dead-xeckoning, And 
laily, in the twelfth Column, you may at ſuch times as you think fit- 
teſt, ſet down your Longitude from the Place from which you firſt de- 


parted, or the Difference of Longitude from Place to Place. 


Days. 
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_ The Corre&tion by Obſervat. is 80 
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North 
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4027 


49:52 


3 hours, 


6 15 Hours 


n. by e.'4 deg. 
7. e, | Eaſt. 


ſourh [4 deg. | 
by e, | Eaſt. aut. 
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Here the! 
Lizard 
bears. 


. Ing reckoned in ſuch Miles as we have befoxe mentioned, namely, in 


[4 


- Example, We miy frame a Reckoning between the twy,\ 

ard, whoſe diſtance in the-Rhomb we have before ſuppoſed to be 

3299 Miles, as ſome Charts make it, and conſequently their diffe. 
rence of Longitude 70 deg. I would not be undertiood as if 1 affirmed 
it to be ſo much, for I ſuppoſe it is leſs. 1 was there indeed about 26 
Years pat, and ſurveyed it, and then kept a Reckoning both outwards 
and homewards, but I have loft thoſe Reckonings long ſince, and for. 
gotten what they were, and in this caſe it matters not : for whether the 
Suppoſition be near the truth or not, it ſerves ſufficiently to exempliy 
the Rule, that being the end for which it is uſed. But if their diftance_ 


' be 3299 ſuch Miles as contain only 1000 Paces in a Mile, the ſame be- 


ſuch whereof 50 make a degree of a great Circle, which, as we tind, 
contains 6120 Feet in a Mile, their diſtance will be little more than 
2695 Miles; and conſequently, the difference of Longitude little more 
than 55 + degrees. | 
Let us therefore ſuppoſe the difference of Longitude between thoſe 
two. Places to be-55 degrees, and their Latitudes to be the ſame as be- 
fore; namely, of the one 32 deg. 25 min. and of the other 50 degrees, 
And let the Courſes, Diſtances, and other Obſervations" from Summers 
Iſlands to the Lizard be ſuch as before is ſhewed. 
The firſt entrance in this Journal (which is the 20th day of February) 
5 thus to be underſtood ; namely, that from the time of ſetting Sail 
(which we ſuppoſe to be the 19th of February) till the 20th day at 
Noon, the Ship lies away, and makes her way good upon the North- 
Eaſt and by Eaſt Point of the Compaſs ; + but the Variation being 
8 degrees to the Weſtwards (as in the fourth Column appears) the 
Rhomb upon which ſhe hath run is from the North to the Ealtwards on- 
ly 48 degrees, as is expreſſed in the fifth Column (it is indeed 48 
+ deg. but the + deg. we omit, as for the other Circumſtances not to 
be regarded : ) upon this Rhomb ſhe runs 78 Miles, as in the ſixth 
Column appears ; and anfwerable thereto, I tind in the Table beforego- . 
ing the Northing to be 52 ++ Miles, and. the Eafting 572, as here in 
tne ſeventh and ninth Column is expreſſed by theſe Numbers 522 
and 579 (for the fift Figure towards the Right-hand ſigniteth the 
tenth part of a Mile, the reli Miles.) Hence then the Northing being 
52 Miles, if that be added to the Latitude from which it is reckoned, 
namely, 32 deg. 25 min. it makes the Latitude here to be 33 deg. 
17 min. as in the eleventh Column appears. In like fort, the ſecond 
: entrance 


Is... | 47 q * D = rt p 4 . | , 
© . — 'D o % Wo | I” | = Y of ns 7:4 _ — Ss i W {I ; , Z | 
trance being the 21/ of Fe , ſhewtth that fromthe 20# 
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| | | h 0/9 | of 10 
ſoon to the 21, 


Point of the Compals ; bar the Variation bring $ degre 


u 
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wo 
whe” 


| Welierly, the 
Angle of the Rhomb, with the true Meridian, was from the North to 
the Eaſtwards 48 degrees ; and ſo failing 100 Miles, the Northing is 
"89-2 Miles, and the Eaſting 744+ Miles; fo that the Latitade is now 
34 deg. 2.4 min. and the like is to be.underſtood of all the reſt. 
+. Touching the Longitude expreſſed in- the laſt Column, although 
a Reckoning, may be kept and 'h down without -it, yet it of y 
|, uſe; and how to convert the Eaſting or Welting (that is, the: 
"Miles expreſſed in the Exft and Weſt Columns of your Journal) into - 
"degrees-and minutes of Longitude, we will ſhew afterwards 3 as alfo + 
how you may calily correct your Courſe, and give the true Courſe oy 
 Rhomb, allowing the Variation. 
But tirfit to proceed with this Journal, Obſerving the Meridian 'Al- 
titude of the Sun upon the 23d and 24th of February, I find that my 
. Latitude upon 'the 24th is 39 deg. [36 min. whereas by Dead-reckon- 
ing it is but 39 deg. 28 min. Ge Ditference is $ more Northerly : 
But being well aſſured of the Latitude found by Obfervation, I corre& 
the Dead-reckoning thereby, which may be done by the Rule of Pro- 
portion, faying 3 


As the Sum of the North Column, 3125 Co.ar, 6.50515 | 
to the Sum of the Eaft Colamn, 4300 - - 3.63347 k 
So the foreſaid increaſe Northerly 80 | 1.90309 f 
to the increaſe Eafterly, IIO 2.04171 


That is, 11 Miles 3 for the firſt place towards the Right-hand is only 
-for the 10th part of a Mille. 


The fame may alſo ſufficiently be found without the Rule of -Propor- 
tion, by the foregoing Table, only for looking there under the Degree 
upon which'T have failed namely, under 54 degrees for $ Miies, or 
$0 tenths of a Mile ; tho I tind not the ſame exadly, yet [ hnd one 
which'is near it, 'namely 82, and againlt it in the next collateral Co- 
lama 113, which is 11+ Miles (being too much by ++ of 'a Mile, 
becauſe the other is too much hy 2; ) 1 add therefore in the North 
Colamn of the Journal, $ Miles, and the Eaſt Column rx Miles 3 and 
ſo whereas by Dead-reckoning, the Northing was but 304 +5 Mules, 
and the Eaſting 419 Miles; now having corrected it by Obſervation 
the Northing is 312.4 Myes, and Eafting 430 Miles © _ * No 
1n'the like ſort, upon the 27th oor: I ſhould by 'Dead-reckoning be | 
2 in 


4 be Y” 
i Ls = &% 
»., * 


much 
Column I4 Miles, Or 


, Pg 


wards, that is, more to the-Southwards than my Reckoning ; there- 


Weltwards than my Reckoning : but to find how much, I look in the 
foregoing Table for the Degree upon which I have failed, being from 


deg, I look for 14 Miles, or 140 Tenths, and againſt it in the Column 


lymn : and fo ſubtraQting the firſt from the North Column, the other 
from the Eaſt, I tind that whereas by Dead-reckoning 1 ſhould be to the 
Northwards 273+: Miles, and to the Ealtwards 465; ; now having 
L corrected it by Obſervation, I find that from the 24 day till this time 1 
have run more Northaly than 1 was by 255+ Miles,” and more Ea- 
fterly by 44155 Miles, 
But if your Courſe be near the Eaft or Weſt, it may ſuffice to corre 
it in Latitude only, as in the Example of the 8th of March appears; 
' for in that caſe you cannot corre the Longitude, but from ſome far- 
ther ground. 
If there be any Current, you may note'it, as is done in that Exam. 
ple, following the 8th of March. 
| Now if you would ſet down this Reckoning upon the plain or com- 
mon Sea-Cbart, Firſt, if you deſire to expreſs every Day?s Account, 
you may begin from the 20th of February, and make a prick in yours 
Plot that may be from the Place from which you (et fail to the North- 
wards 52 + Miles,” and to the Eaftwards 57-2 ; and fo will this Point 
be diftant from the Place of your ſetting fail 78 Miles N. E. and almoſt 
a Quarter of a Point Eaſterly : Then for the 21ſt Day you may make a- 
nother Prick, which may be from the former to the Northwards 66-2 
Miles, and to the Eaftwards - 74:4 Miles, and fo you may proceed 
with the reſt. And thus you ſhall have a Prick on the Plot for every 
Day more exaQly ſet down, than could be done after the ordinary 
way by Courſe and Diſtance, or Courſe and Latitude 3 eſpecially, be- 
cauſe in lining the Plot, there are not, nor cannot conveniently be 
drawn any more than the 32 Points of the Coinpaſs, viz. not half- 
Points, Quarters, or ſingle Degrees. 
But if” you defire not to ſet down every Day's Reckoning, (which is 
| not 


14 deg. 9 min. but by a clear and good Obſervation 
yy le e'Latitude of 43 deg. and 55 min. that is, not { 
ortherly by 14 min. therefore to corre it, I put in the South 
o Tenths : and ſeeing my Courſe was between 
the North and the Eaſt, and that 1 ind my ſelf to be leſs to the North. 


fore in probability, 1am alſo leſs to-the Ealtwards; that is, more to the. 


the North part of the Meridian to the Eaſtwards 60 deg. and under 60 


, adjoining I find 243, which I ſet down in my Journal in the Weſt Co- 


45... 
| '4 
CY 


ot neceſſary to be done) you may ſet dow! 


# 


| are corrected by Obſervation, after the ſel-ſame manner. 


| the North Column will be 1049 Miles, and of the Eaſt Column 2345 

KF Miles : therefore in the Meridian of the Place from which you deparr, 
* you may ſet down to the Northwards of that Place 1049 Miles, which 
will fall in the Latitude of 49 deg. 54 min. almott z and from thence in 
* that Parallel ſet down direaly to the Eaftwards 2345 Miles, and there 
| make a Prick for the Ptzce where the Ship then is the tenth of March ; 
- and fo is all this Reckoning ſet down at once. 

SF U1f you keep Reckoning according to Mercator, it will be requiſite 
ſometimes to {um up your Reckonings paſt, namely, ſo often as you 


make any notable Alteration in your Courle ;, and fo this Reckoning, - 


or any other, may be ſet down almoſt as ealily on Aercator's Chart ; 
the Difference is, that here you maſt often alter your Scale, becauſe the 
Degrees of Latitude on this Chart are not equal, but grow greater and 
greater towards the Poles. Now then the Diſtance between the two 
Places is to be mea(ured by that part of the Meridian which is intercep- 
ted between the Latitudes of thoſe two Places: Or if both Places lie in 
one and the ſame Latitude,. th-ir Diſtance is meaſured by a Degree, or 
other leſs Quantity taken abouc that Latitude ; namely, half *above, 
and half beneath. 
| Wherefore if you would make a Prick or Traverſe-point in AMerca- 
tor's Chart, anſwering to your Reckoning for the firft Day, namely. 
until the 20th of February at Noon ;, it appears by your Journal that 
Prick muſt be to the Northwards of the Place from which you departee 
. $22 Miles, and to the Eaftwards 574+ Miles. 

Now inſtead of the North or South Columns, you may more con- 
veniently uſe the laſt Column but one, (hewing in what Latitude every 
Account doth fall ; and fo it appears that the Prick for the 2oth of Fe- 
bruary maſt be in the Latitude of 33 deg. 17 min. Therefore in the 
Meridian of Sammers Iſlands from which you departed, make a Prick 


in the Latitude of 33 deg. 17 min. id from that Prick ſet down to the 


Ealiwards in the ſame Latitude 572 Miles 3- and where it ends, is the 
Traverſe-point anſwering to the 20th of February. The like may be 
done for the 21/# Day, and fo for all the reſt, This 58 Miles may be 
taken in the Meridian from the Latitude of 32 deg. 22 min. to-the La- 
titade of 33 deg. 20 min. Or otherwiſe, you may take the half of it, 
which is 29 Miles, about the middle between both Latitudes, and dou- 
ble it. | : 

But 


of the Sums as they 
Or you may add together all thoſe Sums, and fo the Sam-total _ 


——_ 1 48 (ys _ 1 wi 4 x | 
1 %H® 21-1 n's acti > 


, _ | 


; "But it is' ſufficient to | 
- Accounts, or ſo often as there is any notable Diference in your Courle, 
.Thus if you would make a Prick in the Chart, an({wering to the 21 
of - February, being the firſt Sum ;, | ſee by the Journa), that it muſt be 
in_the- Latitude ot- 34 deg. 24 min. and co the Eaſtwards of thePlace 
from which I departed 1 32 ++ Miles. Therefore in the Meridian of 
the Place from whence I departed, I make a Prick in the Latitude of 


- 


Ealtwards 132 + Miles, and where it ends is the Travetle-point 


Miles may be taken in the Meridian within, or a little without the two 
. Latitudes, as before, namely, from 32 deg, 20 min. to 34 deg, 22 
min. 

In like fort, if you would make a Prick for the ſecond Sum, bein 
the 24th of February; it there appears that it muſt be in the Latitude 
of 39 deg, 36 min. and to the Eaftwards of the Traverſe-point laſt: 
before made .'430 Miles therefote in the Meridian of that Traverſc- 
point, I make a Pcick in the Latitude of 39 deg. 36 min. and from that 
Prick 1 ſet to the Eaftwards in the ſame Latitude 430 Miles, and where 
that ends, is the Traverſe-point anſwering to the 24th Day ; and the 
like is to be underfiood of all the reſt. 

; Now:this:430 Miles may be taken ſeveral ways : for, firſt, if I take 1 
Degree about the'midyle of that part of the Meridian which is intercep- 
ted between) the Latitudes of the two Places, (as from 36 deg, 3o min. 
to 37 deg. 3o min.) and that Degree ſeven times taken, 15 420 Miles z 
then about the middle, namely, 37 deg. I take ten Minutes more, arid 
-fo have 430 Miles. | 

In like manner you may take 2 Degrees, or 120 Miles, to meaſure it 
thereby, which may be taken from'36 deg. to 38 deg. and the reſidue 
about 37 deg. as before, &c. _ Fj | 

Or you may take the half of 43o Miles, namely, 215 Miles, which 
is 3 deg. 35 min. which muſt be taken as' before, about the middle of 
' that gart'af the Meridian which is intercepted between the two Lati- 
-tudes;” and \that doubted; 15430 Miles to be'ſet to the Ealtward, as 
- before. | | 

And thus may this, or any other Reckoning, - be ſet down without 
knowledg of * the Longitudes, bur tnore aptly and exactly by ſome Lon- 
gitudes known ; ' tor then (Fall you have in the two. laſt Columns'the 
Subſtance and principal Scope of your Reckoning, namely, the Lati- 
: tides aud Longitudes of all Places as you fail, which may more eaſily 


£ 


{et down the Sums of every two or three Days 


34 deg. 24 min. and from that Prick I fet in the ſame Latitude to the * 


anſwering, to the 21f8 of February, being the. firſt Sum. This I22 


——— a... a. 


and 


' + 4 
FI 


ind exaQly be expreſs'& upon Wis Chart,” tan'the Eaſterly or Weſlaty 
diſtances : Therefore how this alſo may be done we will ſhew ; but tirſt © 
"ſomething touching the Compals, and the Variation thereof, which 
'ought not to be neglected in a Reckoning, | 
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CHAP. x. 


Of the Variation of the Compaſs, and how to redtify a Courſe 
by the Variation known. | 


Mongſ all the Myſteries which .God hath of late Years diſcovered 
to the World for the furtherance of NAVIGATION, there is 
none more neceſſary, nor yet more admirable than that Property of the 
NEEDLE touched with the Loadſtone, whereby in the vait Ocean, 
where all Landmarks fail, yea even in the darket} Nights and cloſeſt 
Weather, when neither Sun nor Scars are to he ſeen, the Mariner (as ;it 
were by a Meſſenger ſent from Heaven) is taught which way to direCt his 
Ship z yea, as it were accompanied with a Guide towards his defired Port. 
. For the Needle touched, belides other ſtrange Properties, hath this, M 
t©o point out in all quarters of - the World, thg North and South parts of MM 
the Horizon ; and ſo having a Cud thefeto Ned with Rhomwvs and De- f 
prees, it ſheweth all Points of the Compals, and Degrees of the Horizon, - 
Yet very ſeldom exactly of it {clf, without ſome farther Art and In- . kt 
duſtry of him that uſeth it 4 for though iu ſome Places it ſwerves not, 
yet in moſt parts of the World the North and South Points of the Nee- 
dle. have ſome Variation from the true North and South parts of the 
Horizon, to the Eaſtwards or to the Weſtwards, which' how to diſco- 
ver in kind and quantity, we have ſhewed heretofore, 

It may be thought, (and ſome Men, otherwiſe- Leamned, before this 
Property was fully diſcovered, have faid) that this ſhould be ſme Ble- 
milh and Imperfe&ion in a Stone fo precious z but it is fo far from be- 
ing an ImperfeQtion, that it makes it ſo much-the more pious, yet 
(as | have (aid) not without the Induſtry of him that uleth it, | He that 
is negligent or unskilfu] to obſerve it, eſpecially in long Voyages and 
various Courſes, may be led into many dangers by ir, bec;zuſe he frames 
not his Mind to the Rule, but the Rule to his Mind, imagining it to be 
what it isnot: And hence I ſuppofe {prang that Cultom of placing 
the Needle, or Wires, a Point, or half a Point, to the Eattwards of 


the . 


of oblerving the Variation ;, which indeed they might if the Variation 
were the ſame in all Places, and at all times z, but decauſe it is not, this | 
doth often increaſe the Error. | 1 
But he thatdiligently obſerves the Variation, finds (as I ſay) no' pre. 
judice in it, only it requires daily, or once in two or three Days, half WW 
an hour's Work, and this Labour it doth abundantly pou rk tr 
by this means he knows at the pieſent how to direc his Courſe ;, and for 
the- future, by thoſe Notes whict he keeps of the Variations and Lati- 
tudes by him obſerved, he knows (coniing that way again) when. he 
draws near to any of thoſe Places where ſuch Obſervations were made, 


and {o falls the more certainly with any Place intended. 

There -is further diſcovered of late, a Motion or Alteration in the 
Variation of the Needle, and this is ſcarce yet certainly diſcovered. But 
- comparing the Variations which were obſerved about fifty Years pai, 
with the preſent Variations, it appears they are lefſer Eafterly and more 
Weſterly by 6 or 7 Degrees, than they were at that time. For whereas 
the Variation hath formerly been obſerved near London to be 11 + deg. 
to the Eafiwards, it doth now ſcarce excecd 4 degrees. And there is * 
the like Alteration (as I have heard by ſome Mariners) in other parts of 
the World ; which we now, leave to the farther diſcovery of Time and lu- 
daſtry,and come to ſhew how to reQify a Courſe by the Variation known. 


—— 
—— 
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i 


The Point of the Compaſs upon which you ſail, andthe Varia- 
tion of the Neeale known, to find the Rhomb or Degree up- 
on which the Ship hath made her way. 


T is beſt that the Needle, or Wiers, be placed direfly under the 
Flower-de-luce, or North or South Points of the Card, and {6 

in the Rules following we preſuppoſe them to be. Now then it is 
te be underſtood, that the Needle having Variation (as for the moſi 
part it hath) the Ship doth not make her way upon the Rhomb, or 
Point of the Compaſs, which -ſhe ſeems to {ail upon, but either more 
to the Right-hand or to the Left, according as the Variation is to- 
wards the Right-hand, or-towards the Left, and that ſo much towards 
the one fide, or towards the other, as that Variation is : We ſpeak not 
here of Leeward-way, but of the Variation only. Therefore for the 
Soluticnof rhis Problem, you muſt know how much the Variation is, 


and 
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If you do it by the Pen a- 


| Fortheeffefting whereof, we will ſet down two ways ; the one by 
the Pen alone, the other inſtrumentally. 
lone, although it be not hard to find what. Angle every Point or half 
Point makes with the Meridian ; yet for your farther eaſe herein, 1 have 
expreſſed the ſame in the Table before-going ; the Quarters of Points 
I haye omitted, becauſe the Steerage upon a quarter of a Point 1s very 
BICCTIERINg. 


uncerta un, (the ie oi 
Man) is a dof hy 


"Naw then By the Magnetical de q or Point of the Calibas, "| 
Variation' given, to find the Rkomb, you are to obſerve theſe.two 
Ew: following. 

. If the Rhomb and Fariation be both the ſame way »\ the Meridian, 
Ei Ne” 5 both to the rieht Hand, or both" to the Left ) aad them together, 
and that Su is the Fins Rhomb from that part of the Merithan. 

Yet if that Sum excited 95 Deprees, ſubtratt it from 180 Degrees, the 
Remainder is the Rhamb from the oppoſite part of the Meridian, 

2, If the one be towards the right Hand, the other towards the Left, 
ſubtrra't the Variation from the Khomb, and the Remainder is the true 
Rhos b, 

Yet if the Rhbob be the ſmaller Number, ſubtraG it from the Variation 
and the Remaindtr is the true Rhomb the other way, 

Theſe Rules we ſhall endeavour to illuſtrate by Examples fol- 
lowin 

But firit for diſtin@tion ſake, we ſay the Rhombs or Degrees from 
the North towards the Ealt, are towerds the right Hand, and fo from 
the Sonth towards the Weſt, but from the North to the Welſtwards on 
the left Hand, and ſo from the South Eaſtwards : For a Man's Face 
being towards the North, the Eaſt is on his right Hind, and the Weſt 
on his Left, &c. 

In like ſort for the Variation of the Compaſs ; 1t it have Eaſterly Va- 
riation, that is; 1t the N eedle and Flower: de-luce of the Card Rand to 
the Ealtwards ofthe North, we ſay that Variation 15 towards the right 
Hand ; for not only the North point, but all the other Potnts of the 
Compaſs direct a Courſe more towards the right Hand than they would 
do if there were no Variation. And ſo if it have Weſterly Variation, 
- that is,if the Needle and Flower-de-luce ſtand to the Weſtwards of the 
true North Point of the Horizon, we ſ{ay,that Variation 15 towards the 
left Hand ; foraſmuch as not, only the North Point, bat all the other 
Points of the Compaſs ſtand more towards the le f. and than they 
would do if there were no Variation. This being premiſed, we come 
to give Examples of the two Rules beſore-going. 


1 Example, 


p , C, » 
® 
* 


! 1 Example.” Let 


Let the Magnetical Rhomb or Point of 
F be North-Eaſt, and the Variation 10 degrees to the 
B mand the true Rhomb ? - 4 
* * Here the Rhomb and Variation are both one way 3 
- that is,. both towards the Right-hand ;, therefore deg. min, 
Tothe Magnetical Rhomb being North-Eaſterly ——=—45 009 
Add the Variation Eaſterly ——— —— —=1 co 


The Sum 1s the true Rhomb Notth-Eaſterly —————5; 00 


2 Example, Admit a Ship ſails upon rhe North-point of the Com- 

| paſs, and that the Variation bde-19 deg. to the Eaſtwards 3 how doth 

ſhe make her way ? 
The Magnetical Rhomb is North ; that is, ——D— —— oo oo 

To which adding the Eaſterly Variation = —_ 


The Sum is the Angle from the North part &. 


: 4 TIT, | g 
0 V .  ', 
ards, I de- 


of the Meridian to the Eaſtwards 
W hich is almoſt N. by E: and ſo hath the Ship made her way. 


3 Example, Let the Point of the Compaſs be Eaſt ! Point Northerly; 
that is, from the North to the Eaſtwards 7 ; Polnts, which is 84 deg. 
22 min. and the Variation, as before, 10 deg. to the Ealtwards, I 
demand the true Rhomb ? 

To the Magnetical Rhomb, being North-Eaſt —— 

Add the Eaſterly Variation—— 


The Suin is the Angle from the North ak as actos 94 22 
Which ſubtrafted from ——— | 18 00 
There reſts the true Rhomb South-Eaſterly ——— —8&' 38 


4 Example. Let the Courſe by the Compaſs be Weſt and by South ; 
that is, 7 Points from the South to the Weftwards, or 78 deg. 45 min, 
and let the Variation be as before, 10 deg. to the Eaſtwards ; what is 
the true Rhomb ? 

To the Magnetical Rhomb South-Weſterly — —— —- 78 45 


Ws. -22 


CEOEMEIEETTIIITITTY nnn— Reno canm___—_ ] CO {k 


OY ——_ I —— — —— 
_ —————_ 


Add the Eaſterly Variation — Þ ms eee —IO OO 
The Sum is the true Rhomb South-Weſterly —— —o» 45 


You may conceive that the Rhomb ond Variation are here both ore 
way, namely, both from the Mcridian towards the Right-hand. For 
the Variation of the North-Point is from the North tow3i ds the © aſt, 
and conſequently of the South-Point from the South toward-rhe'W elt; 

'both towards the-Right-hand of the Meridian, as the Rtiom® 1s. 


P 2 5 Example. 


Letthe 


» - 
4 \ —_ . 
(LH 


Courſe: or Rhomb ? 


aep. mint. © 


_To the Magnetical Rhomb South- Welt ——— ————go 


Add the Variation Eaſterly ——————— —— 10 oo 


The Sum is the Angle with aſs 

South-part of the Meridian 
Which ſubtraCted from—— —— —<——— — ———— 180 0a 
There reſts the true Rhomb North-Weſt — — Yo 00 


6 Example, Let the Courſe of the Compaſs be Weſt ; that is, from 
the North to £38 Weſt-wards 8 Points, or go Degrees, and let the Va- 
riation be 10 ko 0 eg. to the Weſtwards ; I demand the true Rhomb ? 


To the Magnetical Rhomb North-Weſt——————go oo 
Add the Variation Weſterly ——— — - ——0. 6b 
The Sum is — — ——— a—— 
Which ſubtratted from — I} oy 


There remains the true Rhomb South- weſt ———=— 8 oo 
Objei#, The Magnetical Rhomb being here Welt go deg. why ſhould 
it i as well be counted from the South, as from the North ? 


Anſw. It may be counted from either: for as it is counted here from | 


. the North to the Weſtwards, it falls under the firſt Rule, becauſe the 
Variation is the ſame way ; but if it be reckoned from the South to the 
Weſtwards, it falls under the ſecond Rule, whereof we now come to 


give ſome Examples, ſuppoſing'theſe already given ſufficient to jllu- 
itrate the firſt Rule. 


7 Example. Let the Point of the Compaſs be N. N. W. and the 


Yariation 10 deg. Eaſterly ;Idemand the true Rhomb ? 
From the Magnetical Rhomb Narth-Welt—————————-22 38 
Subtract the Eaſterly Variation - - m———_— 00 
The Remainder is the true Rhomb North-Weſt —— I2 30 


8 Example. Let the Point of the Compaſs be Notth, and the Varia- 
tion Eaſterly 10 deg. what is the true Rhomb ? 

From the Eaſterly Variation —— —— ———: 

Subtract the Magnetical Rhomb N. W. —- ———————00 00 


_—_— 0 oo 


Semen de cww—w —_—_ ot — QC oe 


The Remainder 1s tke true A 
the other way; _—_ N.E mm 


Objf. 


5 rſe by the Compaſs 'be Wet, that is, from 
the South to the Welt wards 8 Point, or 90 Degrees, and let the Varia. 
tion be, as before, 10 deg. to the Eaſtwards ; | would know the true - 


—— IO O00 


Objed. The Ma 
Ferly o deg. o min. | | 
KK AArſvw. Itmay; but then it is fubje& to the firſt Rule, as in the ſe- 
*cond Example. | ; | Kit 
9 Exenple. Let the Courſe by the Compaſs be Weſt, that is; from 
'the- North tothe Weſtwards, 8 Points, or go Degrees, and let the 
Variation be, as before 10 deg. to the Eaſtwards; what is the troe 
Rhomb ? & abs 
From the Magnetical Rhomb N. W.— —— &S— go Oo 
Subtratt the Eaſterly Variation —— — I oo 
There reſts the true Rhomb N, W. —— ————— ——o o9 
Here the Magnetical Rhomb might as well.have been South- Weſterly 


90 deg. and ſoit had fallen under the firſt Rule,as in the fifth Example. 


10 Example. Let the Courſe by the Compals be Weſt, that is, from 
the South to the Weſtwards 8 Points, or 90 Degrees, and let the Va- 
ration be 10 deg. to the Weſtwards, I demand the true Rhomb ? 

From the Magretical Rhomb S. W. 

Subrract the Weſterly Variation wn n———— — O00 

Tie Remainder is the true Rhomb S. W. —-— 80 oo 

If the Rhomb here had been reckoned from the North, as in the 
ſixth Example, it had fallen under the firſt Rule. 


_— _ — — @[% 


And this may ſuffice for the illuſtration of the two former Rules in 


the ſolution of this Problem. | 

The fame may alſo more eaſily be reſolved, by ſuch an Inſtrument as 
is here deſcribed, conſiſting of two Circles ; the one being the nether- 
moſt, divided into 4 Quadrants, and every of thoſe into 90 deg. num- 
bred from the North and South Points, towards the Eaſt and Weſt. 

The other, being the uppermoſt, and moveable about the Center, 
divided as the Card of the Compaſs into XX X11 Points, and thoſe a- 
galn ſubdivided irito Halves and Quarters. | 

For if you turn the North-Point of the upper Circle, from the 
North: Point of the lower ſo many Degrees, and the ſame way that the 


Variation is, and then look in the ſame upper Circle for the Magneticat _ 


Courſe, or Point of the Compaſs propoſed, you ſhall find right under it 
in the nether Circle, what number of Degregg the ſame is diſtant from 
the N. or S. Points of the true Meridian towards the E. or W. which 
is the true Rhomb here required. 

As ſuppoſe the Variation to. be 10 deg. Eaſterly, and the Courſe by 
the Compaſs Eaſt, halfa Point Northerly, and there be required the 
true Rhomb : : n 


no a” 


gnetical Rhomb may-as well be named North-Eaff- 


— mw. ns 
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th-Point of the upper Circle from the NorthPoint of Þ 
-the lower 10 deg. to the Eaſtwards ; and then I look in the upper Cir. 
 _defor Fat half Point Northerly, and right under it in the nether 

Circle I find 85 deg. and about one half numbred from the South part Þ 
of t > Meridian towards the Eaſt ; thgreforel conclude, that the true 
Rhomb required is, from the South towards the Ealt, 85 : deg. and 
ſomething more. - | | | 
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By this you may readily find the true Rhomb for any Courſe and V+ 1 
| riation given. 4 
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By this Inſtrument alſo (if you uſe the Pen a 
| | | y, as before we haye 
tewed ) you ſhall readily ſee when to add, and when to ſubtract. 
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a Reckoning by Longitude and Latitude only. 


| ? N this Example before given of a Journal, we have in the 1 2th and 


Longitudes : We come now t9 ſhew how the fame may be known ;, 
"And hit, | 

By the Khomb ana Latitude given, to find the Difference of Longitude, 

As the Radius is in proportion tothe Tangent of the Rhomb ; 

Sois the Difference of Latitude in Meridional Parts, 

To the Diiterence of Longitude in Minutes. | 

As, let the Rhomb be North-Eaſterly 48 deg. and ſuppoſe a Ship to 
run upon this Rhomb, from the Latitude of 32 deg. 25 min. into the 
Latitude of 34 deg. 24 min. there is required the Difference of Longi- 
tude. 5 Here, | 


The Meridional Parts anſwering to 34 deg. 24 min. 2200 
The Meridional Parts for 32 25 .2058 
The Difference of Latitude in ſuch parts is = —— 14 


Say then, as Radius is in pfoportion, 


To the Tangent of the Rhomb, #. 48 deg. oo min. — 10,0456 
So the Difterence of Latitude in Merid. Parts I42 2.1523 
To the Difierence of Longitude in Minutes ——158 2.1979 


Theſe Minutes converted into Degrees, are 2 deg. 38 min. whicnis. 
the Differcnce of Longitude required, as the ſame is expreſled in the 
Journal azain!t the 21 of February. OITEE © 

And thus failing upon one and the ſame Rhomb, you may find the 
Difference of Longitude; and ſo often as you alter your Rhomb,ſo oftety 
working by the ſame Rule, you ſhall have ll the Ditierences from place. 
to place, whi.h added together,make the whole difference of Longitude. 

But you may alſq find the Diiference of Longirude near enough at. 
one Operation for many ſeveral Rhombs and Diftances,provided thoſe 

 Rhombs differ not much one from another. As in the former Journal 
' from Februzry 27, till the 24 of Murch, 1 ſail by ſeveral Rhombs and 
. Diſtances from the Latitude of 43 deg. 55 min. into the Latitude of 
58 deg.” If you would find the Diiicrence of Longitude hereto an- 
ſwerable at one Operation, it'may be done by this Rye. AS 


To keep « Reckoning of your Longitude, and ſo to ſet down 


ÞK laſt Column, exprellcd in ſuch places as it ſeemed moſt requiſite, the - 


_ Is tothe departure from 
So is the difference of Latitui ridio! | 
To the difference of Longitnde in Minutes. : 
As in that Example, the difference of Latitude for all thoſe Courſes, 
as in the North.Column appears, is 2444. 
The Departore from the Meridian, as there in the Eaſt Column ap-. 
pears, is6301. $a" , 
The Merid. parts for the Latitude of 43 deg. 55 min. are 
[The Merid. parts for the Latitude of 58 deg. oo min. are 


The difference of Latitude in Meridional Parts, 1s | 
Say then, As the difference of Latitude —- 2444 Co.ar. 6.6119 
To the departure from the Meridian —— 6301 3.7994 
So the difference of Latitnde in Merid. parts 353 2.5478 


To the difference of Longitnde in minutes 9go1 2.9591 
Which reduced iato degrees. is 15 deg. 10min. And added to the 
former Longitude 21 deg. 28 min: gives the preſent Longitude 36 deg, 
' 38 min, for the 24 of Mareb. | 


+ The like may be done for the Account from the 2d of March to the 
5th of the ſame, ©c. 
But if your Courſes and Diſtances run,be all near to one and the ſame 
Parallel or Latitude, (as in this Journal,they are from the 5th of Adarch (** 
zo the 8th, and from the 8th to the 10th) then it is ſufficient to find © 
what. Longitude in that Parallel is anſwerable to the Miles of Eaſting 
or Weſting or departure from the Meridian, by this Rule. 


As the Sine Complement of the Latitude cf that Parallel, 
Is in proportion to Raajrs, 


So 1s the number of Miles in that Parallcl, 
To the difference of Longitude in Minutes. 

As from the 5th of March to the 8th, the Latitude was near 50 deg. 
the Eaſterly diſtance 186 + Miles : therefore for .the difference of 
Longitude, ſay ; | 
_ -As Sine Complement the Latitude, /.c. 50 deg. o min. 

To Kadins ; 
So 1s the departure from the Meridian —1836 


To the Difference of Longitude -—— = 290 


Thus it appears, the difference of Longitude is almoſt 291 min. 3 
which 1s 4 deg. 51 min. and this added to the Longitude upon the 51h : 
of March, namely, to 46 deg. 52 min. the Sumis 51 deg. 43 | 
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hen ; ;  f 
To Radius ; | 
$0 the Eaſting or Departure from-the Merid. 630 1 43.7994 
” To the difference of Longitnde——— ———9g09 7 . 3.9539 
+ Which is almoſt 910 min. or't5 deg. 10 min. as before. 


And thus you may in the twelfth and laſt Column of your Journal 
- ſet down;your Longitude, ſo often as you think it requiſite 3'and ſo in 
” the two laſt Columns you ſhall have the Subſtance and principal ſcope 
£2 IR. » EQ © $4 : whi | 


'yourReckoning, namely, your Latitudes and*Longitut 


| | J diol. 
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= whenſoever youdeſire to ſetdown'in Xercator's Chartzor in the Polar 
-Ch 


art, Or in any other, graduated with Degrees of Longitude and La» 

-- titude, you may readily do it. MO Tos Oh 

© Asif I would ſet down the Sum of the forefaid Journal from the 
19th of February to the oth of March, I find againlt the roth of March 
the Latitude to be 49 deg. 54 min. and the Difference of Longitude 54 
deg. 53 min. Therefore in the Latitude of 49 deg. 54 min. I draw an 
occult Parallel, and reckoning from Summer-Jſlands towards the Eaſt 
54 deg. 53 min. I draw by that Longitude an occult Meridian ; the in- 

- terſeCtion of this Meridian with the aforeſaid Parallel, is the Traverſe 


Point, or the point repreſenting the Place of the Ship: and the like'is to 


be underſtood of any other. 

T his form of keeping and expreſling a Reckoning) is (as I conceive) 

moſt apt and agreeable (of all others that I have ſeen or thought upon) 

to all forts of Charts or Maps, and to the Globe it; ſelf ; and to all the 

- kinds or ways of Sailing, that are or may be uſed. We will here add 

; Tome other Propoſitions which may ſometimes be of good and necella- 
ho 
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Difference T Py, zen, to e oy by the Table the 


; or Southing, that is, the Diſtance i * 
g or We ing, that. s, the Diſtance in | 
e OG ie Meridian of any Rhomb, for any | 
'up ? IF W we bare before ſhewed : the like Operation is in | 
ton 7 i ng 3 namely, 
Rhomb and Di Mc ” » Latitade given - to find the Dine 
or Weſting. 


rence in Latitude given : #0 find the De: 


parture from the Meridian and the Rhomb. 
4- The Difference in Latitude 4 Departure - from the Meridian | 
glow; to find the Courſe and Dt 
The Conrſe and Ohno om the Meridian given : tofind the | 
we ahora of . / Hrs Diftaxce. 
ſtance and Departure from the Meridian given : to find the | 
Jifference of Latitude. 
Sothat with the firſt before-handled, here are fx Propoſitions, and'i 


in every one of them two things co__; ; and ſo they become twelye. .: 


We will not ſtand to give Examples of them all, but only of thoſe] 
which are moſt uſefal, the reſt may be by them conceived. 


And firſt, to find the Eaſting or Weſting of any Rhomb for any | 


difference of Latitude. 

Admit a Ship run North-Eaſterly 60 deg. (that is, N. E. by E. and | 
almoſt half a Point Eaſterly) till ſhe Bag arered the Latitude 42 min. 
how much is ſhe departed from the Meridian ? 


I run down the Column under 60 degrees till I find 42 Miles, or 'F 


$ 


420 tenths, and againſt it in the adjacent Column I find 720 tenths, 
that is, almoſt 73 Miles ; which is the Departure from the Meridian to 
the Eaſtwards. 


If you would alſo haye the Diſtance upon the'Rhomb, it is right a- 
vainſt theſe numbers in the Columa of Diſtances, being in this Exam- I; 


ple 84 Miles. 

2 Example, But admit ſhe run North-Eaſterly 60 deg, till ſhe alter | 
her Latitude 1 deg. 32 min. what is the Eaſterly diſtance ? 

This 1 deg. 32 min. is-92 Miles, or 920 tenths 3 for which if 1 look | 


In the Column under 60 wh find no nitmber ſo great, but the grea- 


Lelt number there is $003 ich ſabſtracted fubm 920, there remains * 


4203 ] 
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inſt, them as above. appeareth ; and fo 
em, I find fc this difference of Latit 
N eric lan to be 15 PS, LES. 
* Tffurther you deſire the Diſtance run 
jn the Column of Diſtances, right againſt the ſame numbers. 
ample above appeareth, where being added, it amounts to 1 
| F 6 
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| The Diſtance and Difference in Latitude given . tofind the Rbomb 1. 
| | | and Departure from the Meridian, {1 


*F A Dmit aShip run upon ſome Rhomb betwee 
FLY Ealt 84 Miles, and then have altered he 
F Queſtion is, Upon what Rhomb narrſmherun, 
{is ſhe to the Eaſtwards in Longitude 7 
* [I run croſs the Table towards the Right hand, lookir 
Column of Diſtances for 84, till I find againſt it irones 
'Columns 420 ; at the Top of which Column over742ec 
© deg. ſhewing the Rhomb to be North Eaſterly 60 degFalſo againſt 
FF in the adjacent Column,1 find 728, which ſheweth'the Diltanee £: 
& Eaſtwards to be almoſt 73 Miles. 50” "44, 
* 2 Example. But if the Diſtance run be 184 Miles, and the Difference 
& of Latitude 1 deg. 32 min. andthere be required the Rhomb and Di- . 
F ſtance to the Eaſtwards 3 » wwe 
* . Becauſe the Column of Diſtance extends but to 100:Miles, .and-the 
| Diſtance here given is 184 Mites, you may take the half thereof, which 
© 1s 92 Miles, and likewiſe the half of 1 deg. 32 min. which 1s 46 Miles, 
© or 460 tenths ; and then look, as before, where you find 460 againſt 
92, for there in the Top of the Column you ſhall find .the Rhomb, 
T which in this Example is 6o deg. ſhewing that the Rhomb is from the 
F North Eaſterly 60 deg. and in the adjacent Column againſt 92 and 450 
& you ſhall find 797, which doubled (becauſcit is for the half )- 1s 1594» 
© ſhewing that the Departure from the Meridian to the Eaſtwards 1s 
59.7: Miles. Theſe and the reſt may alſo be performed by the 
Doarine of plain Triangles, as we have formerly ſhewed. RS Is 


T CHAP; 
| Q 2 l 
io . | 


«Problems, ſuch'as Ihaye ſometimes thought upon, whereby a Man may : 
the better conceive and judg of that Allowance, the rather for that 1? 
know-not any that'have handled it. ; 
Firſt then, it is to be conceived, that a Ship or other Veſlel ſailing! 
wing where there is a Current, hath a compound Motion ariſing 
rent Principles; namely, of the Current and Ship's way : {67 
t three Motions to be conſidered, namely, two ſimple, and 7 
be third compound of them, The firſt ſimple Motion is that of the Cur- 
rent, whereby it moveth. and'isapt to moye other things that arein it Þ 
the fame way. The ſecond, of the Ship or Boat, as it moveth by Wind Þ 
* Gars; of apttobe moved, if there were no Current. The third, *F 
und BEthienis the Line of the Ship's true Motion. . The firſt we 
e Way or:Motion of the Current ; the ſecond, the Way or ſimple 
oftheSup3 the third her Compound or true Way. The two . 
Motions being either of them according to right Lines, and uni- 
YrMm,as inthe Problems following weſuppoſe them to be. The third alſo, 
bich is'compoſed of them, is a righr Line ; for whether the Ship ſail Þ 
directly oppolite, againſt the Current, or dire&tly with it the ſame way, Þ 
or whether the one croſs the other at Right-angles or at Oblique ; yet Þ 
Ttill either Motion being direct and uniform, they both together beget a Þ 
right-lin'd uniform Motion, becauſethe one retaineth to'the other one 
and the ſame proportion in everyPoint: And according to theſe grounds - 
we proceed in the Problems following to determine the Proportions 
of every of theſe Motions, and the Angles they make one with another. © 
I: Admit a Current run Eaſt 3 Miles an Hour, and that a Ship under © 
Sail run Weſt diretily againſt it 6 Miles an Hour in her ſimple Motion, © 
What 3s ber true or compound Motion ? ; 
From the Ship's ſimple Motion ——— — —— 6 Miles. 
Subtraft the Current—— ———————z Miles; 
(The Remainder Is the Ship's true Motion —-— ——-— 3 Miles. 
So the Ship's true Way is (the Weltwards 3 Miles an Hour. = | 
6 Brandy | 
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 arrectly ag arm __ Miles an Hour by the Log * 
 Shbip's compound Motion, and which way ? | 
* From the Current, being Ne greater ————— 
- Subtract the Ship's ſimple Motion —— —— 
* There remains the Ship's true Motion ————-— : Mi 
' Which Mile ſhews, that the Ship by her compound Motion'falls 
- aſtery, that is, moves to the Weſtwards 1 Mile an Hour. 
-- In the experimental Praftice of the two former Problems it may ſeem, 
- that a Ship or Boat ſo ordered, hath alſo a Motion to the right-Hand or 
- to the Left; but this comes to paſs,becauſe it is hard, and in a manner 
* impoſlible to ſtem a Tide or Stream ſo exaCtly, but that the Ship will 
- ſ\merve (or yaw, as they ſay) either to one ſide or to the other. 
| 3. Admit a Current rin Eaſt 3 Miles an Hour, and that the Ship alſorun 
: Eaſt bp) Miles an Hour, bythe Log , What is the Ships true Motion ? 
- . To the Ship*s| ſimple Motion — - - ———— 3 Miles, 
? Add the Current- - _ »7% tn ns _ —— — Miles ; 
' The Sumis the Ship's true Motion A —— 6 Miles. 
- So the Ship's Compound or true Way, is Eaſt 6 Miles an Hour. 
4. Admit a Current run Eaſt 2 Miles an Hour, and the Ship South 6 
Miles an Hour : What is the Ships rrue Motion, and which way ? 
In handling of any Art to avoid circumlocution;,there are uſed Terfns 

KF or Words of Art ſerving to expreſs briefly the things handled. And for- 

F aſmuchas this Subject hath not been formerly handled,nor thePrinciples 

FF orGrounds thereof laid(fo far as I know;)we will add a few ſuch Terms 

as may ſeem moſt neceſlary, expreſſing here what we mean by them. 
Let the Line AB ron from A tothe Southwards, and 
'D "'B BDfromB tothe Eaſtwards ; and let AB bein pro- 
portion to. BD, as6to2, or 3 to 1. | 
Then doth'AB repreſent the Line of the Ship's ſim- 
ple Motion, BD the Motion of the Current, and AD 
gompound Motion of the Ship. 

. And . DAB is. the Angle contained between 
the Line of the Ship's ſimple Motion, and the Line 
of her compound” or true Motion, which for bre- 
vity fake we will henceforth call the Angle of De- 
flettizow, Alſo ADB is the Angle contained between 
the Line of the Ship's compound Motion, and the ſet 
or drift of the Gurrent, which we call the Angle of 

Laſtly, 


? 


4 LI FR d 
” 2 f 
= F on 
- 
4 


S. ” LY 


x" 
-» x4 
x 


- Ne jAbD the Angle contained a, whic the Line 
Mp. tion, and the ſet of the Current, which we w all op 
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6 Then for the Rhomb, the Proportion is thus, 
| | JN Motion Cr AB 6 Miles a——_ ff), — ——9-2219 
ent —— — BD- 2 Miles 0.3011 


>O IS | us, m—— 
To the Tangent of Defletion t. —DAB 18 deg, 26 min. — 9.5230: / 
So the Rhomb upon which the Ship makes her way good, is South | 

8 deg. 26 min. Eaſterly, that is, S. S. E. 4deg. 4 min. Southerly. 

2, For the Ship's true Way, or compound Motion. ' 

As the Sine of the Deflection ,——DAB 18 deg. 26 min. —0.5000 | 

To the Current —— ——— — DB 2 Miles ———— — 0.301 

So Radius, | — 

.Tothe true Motion ——— —— AD 6:3}. ——————og8011 

- So the be 20D $ Compound Motion is 6:3: Miles hourly, that is 6* 

5 A Shi ſails Weſt ; days together, by the Log. 725 ile: but there 
is a Current all this while ſetting to the Southwards :: Aites an Hour : 

1 demand how ſhe hath ſailed, and how far ? 
The Current ſetting 1- Mile an Hour, ſets in 5 days 180 Miles : 
"Therefore, 

As the imple Motion —= ———— AB 725 Miles ——z 

Is to the Current —— —— DB 180 Myles — — 2 bb | 

So 1s Radius 

To the Tangent of Deflettion t.—DAB 1 3 Jos. 57 MIN, —— 9,3 950 

For the Diſtance. 
As Sine-compl. the Defleftion /c. — DAB 1 3 deg. 57 min. —— 0.0130 
- Is tothe ſimple Metion — AB 727 Miles —— 2:8603 

So is Radius, — 

To the compound Motion ———AD 747 Miles - — 28733 
So the Ship's true way is Welt-ſoutherly 13 Gege 57 Min. or South- 

welterly 76 deg. 3 min. 747 Miles. 

6. A Ship ſails Weſt 5 days together, by the Log. 725 Miles, in a 
Current ſetting to the Southwaras,, and then finds that (5 hath. altered 
her Latitude 3 Degrees :, I demand the Motion of the Current, the true 
Rbomb, and true way of the Ship? - 

- This Queſtion differeth little from the former ; for ſeeing the Dilfe- 
rence of Latitude is 3 deg. the tion of the Current j is 180 Miles: ſo 
. there is given the Ship's ſimple Motion, and the Motion of the Cur- 
rent, as before, &c. 7. A 


\ | 
(we Eg." MS - ATED, on 


7 A Ship in 6 Henrs | 
' 230 Miles by the £7 
2M the ſame Cape, he finds tha 
at Current ſets, and | ow fa df 
** Aslera Ship fail from Atowards B Sont 
the Current, ſhe isdriven more Eaſterly,- namel 
ſet tting the Cape A, itis run to bear NN. W.. nd ſee; 
ts from B towards D Eaſterly , therefore the po g my] 
TC Points, that is, 67 deg. 30 min, Here then is dem 
3 AD, and the drift of the Carrent in that time BD. *; 
* As the Sine of the Angle of DefleCtion ſ. BDA 67 a 30 min.—.0344 
'To the ſimple Motion of the Ship AB 30 Miles ———-—— 1.477 
[So the Sine of the Angle of DefleCtion /. DAB 22 .d. z30 min. —9.5736 


{To the Motion of the Current BD 125: _ — 1.08 51 
And further, 
As the Sine of the Angle of Refleions {.BDA 67 d. 30 M.—0344 
To the Diſtance run by the Log AB 30 Miles, — L:4771 
So is Radins, | 
To the compound Motion of the Ship AD 32757 mmm I-51 It 
And thus we find that Current to ſet 12+<£-that. is near 12 £ Miles 


; in 6 Hours, and the Diſtance run to be 323 Mules almoſt. 
* " That the ng, may be better congeived, -we will uſe two or three 


{ Examples more familiar and obvious to every Man's Experience ; yet 
" a7 upon the ſame Principles and Reaſons. 
KF S. Aamit that Tulis-ſtairs bear from Billingſgate-ſtairs South-weſt ſou- 
therly, namely, South-eweſterly 40 Degrees, and be diſtant 80 Poles ; 
_ and ſuppoſe the Tide of Ebb to run there Eaftward 2 * Miles, an Hour, 
and that a pair of Oars rowing 4% Miles an Hour, would go ſtreight 0- 
ver from the Firſt to the Second: How ſhall they row aver, namely, up- 
on what Degree or Point of the Compaſs, and how far ſhall they row to 
get thither, and in what time ? 


D 'S 


; Let A repreſent Biling [gate-ſairs, D Tulis-ftairs, AE the ſimple 
& lotion ofthe Boat, ED the Motion of the Current > then is gl 
i > pele 
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ca ruth | FM Þ TERT 2 5 4679 
; of IC——rLL 2 5 AIRES © —— 0.39794 
i. Mevtic 0 ——Dt s 50 deg. = — ——- 9.88428 
of Defledt Kieeh " F 23 deg. 3 min. ——9. 00s I 
1the Poſitior rom Ato D, being South-Weſterly 40 deg. 


; f Defledi Dn A 23 deg. 3 min. thePoſition from A to- 


xardsE, is.South-welterly 63 deg. 3 min. that is, W.S.W. Southerl 
Ard fo rauſt thoſe Oars row to go ſtreight over. " 
' "Secondly, for the Diſtance AE. 
From the Angle of Refle jon — ——D 50 deg, oomin, 
Subtract the Angle- of DefleCtion = _— -A 23 deg. 03 min, 


Laftly, for the Tame. 
Seeing 320 Poles/make a Mile, and they row 4. Miles an Hour, it ls 
1440 Poles in' ain Hour ; ſo the proportion. is, 


To the fimple Motion before found —— — 357 ——21310' 
So is an Hour in Minutes 3 namely,- —— 60 Min. — 1-778r 


To the Time required in Minutes ———— 5:5} 0.7507 

And ſo long will they Þe-rowing over, a 

. But ſuppoſe they. row' harder, to go a ſborter cut; namely, to go. 

- ” Sorban by WP : How faſt "muſt they row to go ſtreight over, and 
how far, and in what time? © 


Then ſeeing the Poſition from A to D- is South-weſterly 40 deg. 
and South welt by Weſt is South-weſterly 56 deg, 15 min. therefore the 
Angle of longg A, is 16 .Geg. 15 min. the Angle of Refletion D 


as before, 5 deg. oO'min. the Angle of Incidence E is 33 deg. 45 min. 
As the Sine of Defle&tion ſ. A16. deg. I5 Min. 


| To the Motion of the Tide —DE 2 + Miles O. 1297 94. 
1 So the Sine of the Angle of Refletion D 50 deg. o min. —— 9-38425 


To the ſimple hourly Motion of the Boat AE 6 5.144 ————o.83530 


And ſuch is the hourly Motion of the Boat, namely, 6,44 Miles in 
an Hour. | 


And thertereſts the Angle of Incidence ——— E 26 deg. 57 min. ' 


As the Sine of Incidence. ſ. E 26 deg. 57 min. — 334370 . 
- To the true Diſtance ——— AD 8o Poles, —— 1.90309 
So the Sine of Reflettion = J-D. $0 deg. oo min. 9.88425 

To the ſimple Motion AE 13553 Poles —2.1 3104 


As the ſimple hourly; Motion ————— 14 40——6, $41 p 1 


' Secondly, 


' PRTOY Secondly, for the ſimple Motion. © 

| As the Sine of Incidence JS. E. 33 deg. 45 min, —— 0.25526 
F 1sto the true Diſtance AD 80 Poles —— 1.90309 
Þ} 50s the Sine of Reflection J. D 50 deg. oo min. —— 988425 
F To the ſimple motion | AE 110; Poles———=2.042609 


* Thusit appears they muſt row 110 7 ; Poles to get over. 
_.-.---  Lafth, for the Time. 
F. The hourly Motion before found 6 54+. reduced 
BY into Poks, ig— ——————————— 19 
F As the ſimple” hourly motion ——21 TT | | 
Þ $9 is the ſimple motion before found” 110%; ———-———2.642%0 
F To the time required————-—-— —-—3 3:3; min.- 
= And ſo long they will be rowing over. | 
j 12, But admit a Sculler rowing 3 miles an. Hour, would croſs ſtreight 0- 
ver at the ſame time, upen what. Point muſt be row, and how far, to get 
\ 4hither, and in what time will he do it ? i 
vh Firſt, for the Angle of Poſition. 
Þ As the hourly motion of the Boat AE 3 miles——9.52288 
ÞF To the Sine of Refletion —— —D {. 50 deg. — — —9.88425 
4 So is the hourly Motion of the Stream D E 2 + min. —— 0.39794 
4 To the Sine of Defletion——- 'A [. 39 dep. 40 min. 9.80507 
Now ſeeing the Poſition from Billizgſ-gate to Tuls-ſtairs, namely, 
from A to D, is by ſuppoſition to the Weltwards of the South 4.0 deg. 
jg and the Angle of Deflection A is here found to be 39 deg. 40 min. 
therefore the Poſition from A to E is from the South to the Weltwatds 
79 deg. 40 min. which is W. and by S. and almoſt r deg. Welterly,and 
fo muſt that Sculler row to-go ſtreight over. 


1$n propottion to an hour, or —— 60min, —L———1.5 


Secondly, for the Diſtance A E. deg min. 

From the Angle of Reflection D————--—50 00 
SubtraCting the Angle of Deflection A ———————}9. 40 
There reſts the Angle of Incidence _ Io 20 
As the Sine-of Incidence F. E. 10 dep. 20 min. ——=— 74624 
Tothe true Diſtance A D 8c Poles ——— — 1,9930g 
os the Sine of Refleftion {. D 5o deg. £0 min. — —— 9.88425 
Tothe ſimple Motion AE 341 i Poles ———— — 2.53358 


$ And thus ir appears, that though the Diſtance of the two places be 
but $0 Poles, yer, if according to the Queſtion, he rows but after 
3 Mles 
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:Stragm ſet after 24 miles'an Hour; then he Þ'f 
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fly. for the Time 
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-ſitaple hourly Motion g960 7.01773 
ſimple Motion before found 


| * {0 » $3IF# * 4 | 34175 2+533 58. 4 
So 1s an Hour in Minutes, namely 60 min. _ 1.77818 
'To the Time required in Minutes 2173  1:32946 F# 


\nd thus it appears, that the time requiſite to row over, rowing 3 | 
les an Hour, is 21 3-5 minutes 3 whereas we fonnd before, that | 
rowing there 4; miles an Hour, they might row over in 5,!* Ml } 
nutes, which is little more than a fourth n- 11 of the Time. 1 
There might be other; and that great variety of Queſtions of this {| 
nature propoſed and reſolyed, many of good uſe in Praftice,which the F: 
Watermen, by dally experience without other Rules, are able to gueſs I 1 
. at ſomething nearly, ſufficing for their occaſions : My intent in theſe Þ-$ 
efpecially, is to cxplicate the. compound Motion of a Ship, or other I * 
Veſſel, ſailing or rowing where there is a-Current ; which by ſuch fa- | 
miliar Examples may ſeem more evident. I cannot inſiſt upon them Þ 
by reaſon of my ather occaſions, nor ſpend that time in theſe here 
handled, which elſe I ſhould have done ; whence if any defeft or miſ- 
rake ſhould arife, if the Reader be pleaſed to give me friendly notice-of I 
it, I ſhall as thankfully accept it, and reform it. We-purpole next a | - 
Queſtion at Sea, which let be this. 
11+ There is a Current at Sea, ſetting Eaſt 12, miles in 24 Hours, a Ship 
ſails in the time from a certain Port Weſt-South-Weſt ſix days ; and 
then returning thence, and ſailing North-Eaſt and oy North 3 days, 
falls with the Port from whence ſhe firſt departed : I demand what her 
Dead-reckoning was outwards, and what back, again, and how far theſe 
two Ports were aſunder, and upon what Point of the Compaſs ? 


= = 


AZ. 

As, let the Curreut ſet from E towards D, and let the firſt 
Port be A, the ſecond F, and let the Courſe outwards bound be 
Tl repre. 


. 


Firſt then, for the Dead-Rechoning outwards, ay AE. 
the Sincof th: Angle eat A ſ: 33deg. 45 mitt. ————25526 
5 the Line DE 108 Miles. —— ————-——2.03342 
"Sois the Sine of the Angle DF. 56 deg; 15min. —— 9.9985; 
© To the Line AE——————— 5 Te miles —— —-2.20853 
Thus AE his Dead- ys $i) IS 161 5+. 


—_— - 
| As the Sine of the Angle Dil "74 33 Eg: «45 MIN, 26 
{Is to the Line DE——————— 108 miles — ———2.03342 
is the Sine of the Angle DEA /- 22 deg, 30 Min.— — 
'To the Line AD=————74 7. milcs 7152 
Which 74 ?. miles is the. Dead-reckoning homewards. © 
Thirdly, for the Angle DAF or DFA. 
The ſide AD is found— —74 5 Miles. 
The fide DF for three days is 36 miles. 
The Sum of both is———— 110 2+. 
- Their difference is——- 38+; 
The Sum of the Angles DAF and DFA by dep. 1 5 min. 
The half-Sum is —— ———— —————3$ deg. 7 - min. 
The Proportion. | 
As the Sum of their ſides ——— I [Ot —— —7,95703 
Is to their difference ——————38-: —— 3 | 
$0 is the Tangent of — 28 deg. 07. 9.72706 


. To the Tangent of ——— —— — :o deg. 32 min.- 9.26932 
Which added together, make the Angle DFA 38 deg. 39:. 
/ And ſeeing the Khomb from F to D is Eaſt, and the Angle DFA 
38 deg. 39 min. + ; therefore he Rhomb from F to Ais to the North- 
wards of the Eaſt 38 deg. 39 min. ; that is, N. E. by E. almoſt half a 
Point Northerly ; : which? is the Rhomb from the ſecond Port to the firft. | 
| Laſtly for A F the Diſtance of theſe two Ports, | 


As the Sine of the Angle DFA /. 38 deg. 39 2 20434 F 
To the Dead-reckoning 


bomewards AD 74 * Miles 1.37152 
| | R 2 Sfe! 


is the Sine of the Angle | Df 55 deg. 14 mil 9.91995; Þþ 
-- ; Thus. the true diſtance of thoſe tw Ports 1s 99- Miles,-and ſome- i 
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.. , Sundry,other Sarkions of hngatata mighelic mrogalaty witch | 
him that well underſtandeth, theſe will nor be. difficile. © 


Theſe Principles a little enlarged, may further with.a few Experi-'l 
ments be applied in the diſcovery of Mie Myſteries in compound, Mo-. 


tion, not yet divulged, tho much-endeavoured by ſundry.famaus Men. | 
wn ſeveral parts of Earope 4 but theſe we ſhall not touch ar. preſent. 


12. To find where there is a Current at Sea I alſo which way. 
ﬆ ſets, and how faſt. | 


- This may be done by'comparing the Reckonings ontwares with the 
Reckonings homewards, whereof we ſhall givean Example or two: - || 
Firſt, Admita Ship fail from a certain Port, by one or ſeveralRhombs. 
or Diſtances, tilt ſhe arrive at the ſecond, and there find, reckoning by | 

Courſe and Diſtance, that ſhe is more Southerly-than the Port from 
| which ſhe departed by 541 Miſes, and more Weſterly by 145 Mites : 
P But by his Reckoning homewards, - when he arrives agaiu at the firſt | 
| Place, he finds himſelf to the Northwards of the ſecond. $41. Miles, as 
before, and to the Eaſtwards 305 Miles. Now ſuppoſing he was:3 days. 
outward Bound, and 5 days homewards Bound, I wauld know which 
way the Current ſets, and how faſt; Here,becauſe the Eaſterly Diſtance: 
homewards is greater than the Weſterly Diſtance outwards, therefore: 
from the Eaſterly Diſtance 305 miles, ſubſtraCt the Weſterly Diſtance 
145 miles, the Remainder being; t 60 miles,” is the motion of the Cur- 
rent tq:the Weſt wards. 
And thus it appears, that the Currefit ſets to the Weſtwards, 160 | 
miles in 8 days, that is 20mlles a day, or £ of a mile every Hour. 
' 2 Example, Admit a Ship ſail from the Summer- Jflands, by ſeveral 
Rhombs and” Diſtances, till ſhe arrive at Cape Cod'iin New England, 
namely, from the Eaſt-part of Summer-Jſlands, (the Variation being. 
allowed) firſt North 20 miles, and then N.N.W.1 50 Miles, the ſe- 
cond. day N. by W. 180 miles, the third day North 9o:miles, the 
fourth day North-Eaſt 88 miles, and fo arrive at Cape Cod: Then by 
theſe Courſes and Diſtances we may gather by the foregoing Table,that 
Cape Coa ſhould by this Reckoning be to the Northwards 487 miles; 
and tothe Weltwards 30 miles, as here appears. : 
| h Nort 


"i Wen Wy Lad 
North 20 Miles ——— — : 
North North-welt 150 Miles — | 
North by Weſt 180 Miles —— 
}North 9Q. Miles 
North Eaſt 88 Miles 


——_————_———— u—-— 


# 


$28 Miles. | 


HA + 4": 4 
Now ſuppoſe ſhe (ail back again from- Cape Cod: towards the Summer-Iſlands, che firſt | 
day S.S. W. 15e Mikcs, the ſecond day $.S. W. 160 Miles, the third day S. by W. 139 4 


Miles, the fourth day Sourh 140 Miles, the fifth-day Eaſt 110 Miles, and ſo he. come 
again to the Eaſt part of the Summer-Iſlands. 


[North.|South.| Eaft.| Weſt-\ 
South W. 150 Miles ——— ————1138.6] —— 57-4] 
South S. W. 169 Miles —————| —— |147.——| 61-3 
South by W. 130 Miles — —— ——|:27.5— | 25.5 
| South 140 Miles mt —— 140.0] —= | —- 
Faſt 110 Miles ——— — — 1100) — | 


liles 554.C [10.c}144.0]. 


m_ 


690 Miles- 


[10.0 


| — — _— 


34:0 


Theſe Courſes and Diſtances male, as here appeareth, the Summer-Iſlazds tobe to: 
the Sourhwards of Cape Cod 5:54 Miles, and ro the Weſtwards 3o Miles. Po 
Therefore by this laſt Reckoning back again, Cape Csd ſhould be ro the Northwards 
of the Summer-Iſlands 55.4 Miles, and to the Eaſtwards g4 Miler, whereas by the former- 
Reckoning outwards 3o Miles 3 ſothart the differenceof rheſe two Reckonings outwards 
and back again, 15 69 Miles Norcherly, and 64 Miles Eaſterly ; which ſheweth that the- 
Current in that ttme, namely, in nine days, ha ſerto the Northwards 67 Miles, and to - 
. the Eaſtwards 64 Miles; thar 15s, North-Eaſt a litcle Norgherly, 93 Miles, as by che 
foregoing Table doth appear, which is 104 Miles every day. DEE 
_ And whar we have here done by the Tables, might have been done (a: the forego- 
ing Problezxs) by the Dottrine of Plain Triangles. 
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Note, Thar where the Author mentions Summer-1/l:nds, it is he jake as 
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